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Executive Summary

Golder Associates (Golder) was engaged by Cindy Walker of lluka Resources Pty Ltd to undertake a review
of acidic soils data acquired for the Gingin Mine Site. The Gingin mine is situated along the Brand Highway
approximately 4 km north-west of Gingin, which is approximately 75 km north of Perth, Western Australia.
Mining of mineral sands commenced in mid 2005 and ceased in May 2009. It is expected that closure and
rehabilitation will continue until 2010.

The objective of the review is to assess the risk posed by acidic soils at the mine after closure.

Oracle Soils and Land Pty Ltd (Oracle) 2002 defined three soil management units from their review of the
soils at the proposed mine site, i.e.

m SMU lis described as Yellow/Red coarse sands at elevated topographic positions.
m SMU 2is described as Pale Grey coarse sands at low topographic positions; and

m SMU 3is described as Fine to coarse alluvium; stream channels and flood plains.

All soils were interpreted as originating from the adjacent Gingin Scarp and Dandaragan Plateau. They were
described as predominantly siliceous in character and were thought to have been deposited by alluvial,
fluvial and colluvial processes.

The sampling strategy adopted by lluka throughout the pre-mining phase for the assessment of the acid
generating potential of the soils at Gingin has not been provided in a stand alone document. From a review
of the reports and data provided to Golder it was concluded that the soil assessment strategy adopted was
suitable for the objectives of the project.

Three phases of soil sampling were undertaken at the mine site between 2003 and 2004, by Environmental
Geochemistry International (EGi), Oracle Soil and Land (OSL), and Soil Water Consultants (SWC). The soils
from these sampling phases were assessed for the presence of acidity, the presence of acid sulfate soils
and a limited number of samples were assessed for their metal content.

Although acid sulfate soils (ASS) were not recorded at the site, acidic soil pHs were recorded across the
mine site. The reports from these studies did not provide descriptions of the soils analysed and therefore it
was not possible to assess whether all soils types at the site had been assessed for their acid generating
potential, and thus whether there was one particular soil that was the source of the acidity. To resolve the
soil types, Golder compared the locations of the cores that were sampled for the geochemical assessments
to the lluka mining block model and to soil logs generated during the installation of groundwater monitoring
bores across the mine site. The results of this assessment found that, in general, it was likely that most soil
units were represented in the sampling and analysis undertaken between 2002 and 2004. Comparing the
results of the revised block model and the interpretation of soil management unit (SMU) by Oracle (2002), it
can be inferred that where sand is encountered more frequently the soil pH is higher than where clays are
the dominant lithology. However, one soil (a mudstone) was unlikely to have been assessed as it was only
described in the groundwater bore logs and not in any other report and was therefore not in the lluka block
model. From these groundwater well logs it can be inferred that the mudstone layer dips to the north-east, as
it appears to be encountered at depths ranging from 1m (at GS14S&D) to 25 m below surface. The
boreholes where the mudstone/shale was intersected include GS11, GS07, GSP4 and GS08, at the
southern extent of the mine, GS04, GS15 and GS16 in the centre of the site and GS02 in the northern extent
of the site.

Only a small amount of sulfur was detected in soils through the ASS assessments and soil mineralogical
assessments undertaken to date. Sulfate in groundwater is thus probably sourced from alternative
non-pyrite related sources.
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Soils at the Gingin site are generally oxidised and include sands, silts and clays interspersed with gravels,
ferrugenised sands, ironstone, mudstones and shales and are physically very similar throughout the soil
profile.

Comparing the results of the revised block model and the interpretation of soil management units (SMU) by
Oracle (2002), it can be inferred that where sand is encountered more frequently the soil pH is higher than
where clays are the dominant lithology. It is noted, however, that the mudstone which was recorded at
various locations across the site by URS may not have been sampled.

All chemical analysis undertaken to date on the soils at the Gingin Mine have recorded very low sulfur
contents (maximum 0.02% S by XRF, 0.01%S by SPOCAS methods) and therefore from these data it cannot
be interpreted that there are ASS present. Furthermore, the evidence presented supports the conclusion of
all the foregoing soil reports (EGi, 2003, Oracle 2004 and SWC, 2004) that the soils acidity is most probably
due to the hydrolysis of Fe and Al bearing clays.

One form of acidity that has not been put forward previously is organic acidity. It is described that the topsaoil
at the site can contain appreciable organic matter (in excess of 4% TOC). In concert with the observed
tannic groundwater, it is likely that both the soils and groundwater at Gingin contain organic acids.

The periodic dewatering in the vicinity of the central wetland area is likely to lead to groundwater level
fluctuations and the exposure of the wetland sediments to air. Sediments in the central wetland area are
highly likely to contain peaty organic rich soils, which upon exposure to air, could oxidise leading to the
release of organic acids. Following the cessation of dewatering, the recovery of groundwater levels could
allow these organic acids to enter the groundwater system. Such sporadic release of acidity makes the
deconvolution of spatial versus seasonal variability in groundwater composition more complex.

There seems to be a disparity between the results of the chemical analysis and the recommended
management of soils at the site. All data collected to date regarding the source of acidity at the site has
been interpreted as non-sulfidic acidity. This acidity is retained within the soils and is not being released to
the environment. This is supported by pHfox and pHkc being similar to pHf, thus indicating that the acidity is
not leachable. The existence of rapidly leachable acidity and the recommendation by Soil Water Consultants
(2007) that special measures be taken when dealing with such soils is thus not supported.

Acidic regions need special management to maintain their acidic character. Liming is only required to
neutralise leachable acidity and the liming rate should be modified to ensure that the pH of soils remains in
the acidic range in an effort to limit any change in conditions at the site from the original background levels,
as the local ecology is adapted to such conditions.

Groundwater

Alkalinity is highly variable at the site although it can generally be considered to be at levels above 60 mg/|
CaCO; equivalents. Al has been recorded at levels in excess of 1 mg/L in GYP1 and GS21S during license
related groundwater monitoring, however, it is not clear from the results provided whether these values are
total Al or dissolved Al values. It is important that such information is recorded in future monitoring events.
Only limited Al results are available for bores pre-mining and therefore it cannot be determined whether Al
was already elevated in these bores prior to the initiation of ground disturbance at the mine.

It is likely that the groundwater composition at the mine site reflects the composition of the soils into which
the monitoring bore was constructed. A review of the bore logs for the construction of the groundwater wells
did not indicate a substantial variability on soil types and thus did not provide an answer to the question of
why some bores, particularly GS10, have lower pH than others at the site. The role of organic acidity should
be further investigated at the site as organic acids may play a role in lowering the pH of groundwater across
the site. Organic acids may be leaching from trees and shrubs in the catchment area and, therefore, there
will be little correlation between groundwater pH and soil type for this type of acidity. The role of organic
acids in the pH of groundwater can be assessed by measuring the total mineral acidity by means of the Total
Titratable Acidity field testing kit.
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Nevertheless, generalisations can be made regarding the groundwater quality at the site over the nine year
monitoring period. Average pH over the license monitoring period (2003-2009) for all bores is 6.35 (0.7
standard deviation) and can therefore be considered generally constant. Alkalinity is variable with values
between <1 mg/L to 240 mg/L being recorded. Sulfate concentrations were more variable with average
values varying up to approximately 300% (166 (324) mg/L). Aluminium was recorded in two bores at levels
in excess of the recommended maximum of 1 mg/L and pH of groundwater has been recorded below pH 4.
As a consequence, the groundwater composition may be considered potentially toxic to some plant species.
This composition may not be a direct result of the mining activities, however, with the limited background
data available in regards to metal speciation this cannot be ruled out unequivocally.

It should be noted that the water quality analyses were in some cases undertaken without calculating an
ionic balance. Also the pH readings were anomalous for a number of sampling events during operation;
lluka has indicated that the contractor’'s pH meter wasn’t working in some instances.

To better assess the risk of acidification, the source of acidity in any of the low pH water should be further
investigated. If the total acidity of any sample collected were to be recorded in together with a determination
of the methyl orange acidity field test, the contribution of mineral acidity in the sample could be assessed.
Following this assessment, the likelihood of ASS oxidation being the source of lower pH values in some
locations could be evaluated.

Surface Water

Based on the limited data provided, it is not possible to fully assess the impacts of the mining activities at the
Gingin site on the quality of surface water discharging from streams at the site. Itis clear that the southern
stream is likely to have been diverted to accommodate mining in the area. Moreover, as a result of mining in
the area, the central stream may no longer act as a present day drainage channel.

Significant variation in surface water chemistry is indicated between pre-mining and mining phase monitoring
events. These variations, however, are not limited to downstream monitoring locations, with locations
upstream of the mining pit being equally variable. The limited data provided for surface water chemistry and
inconsistent stream flow data, preclude an assessment of the effect of mining on surface water quality
(physical and chemical) from the Gingin mine site area.

Summary

The soil profile at the Gingin site consists of a highly weathered and oxidised, acidic soil profile. The
sandstone/siltstone (ferruginous hardpan) which forms the base of the overburden profile is also considered
to be the main ore lithology. The basal soils are coloured grey and may bear reduced forms of iron within
their matrix. Sulfate salts, apparently unrelated to sulphide minerals, contribute to the soils acidity together
with hydrolysed clays within the soil structure. Elevated iron and aluminium in the local groundwater and
possibly surface waters is likely to be attributable to clay and sesquioxide hydrolysis. Furthermore, the
presence of black to grey mudstones indicate periods of anoxic deposition at the site and it is possible that
pyrite may be present in these mudstone as a consequence.

The area known as the central wetland may contribute acidity through the release of organic acids. Sulfides
may also be present in the peaty soils which are commonly found in wetland areas. The oxidation of these
sulfides may thus produce sulfuric acid during dewatering where if peat dries out an oxygen ingress occurs.
When groundwater levels return to their pre-dewatering levels the released acidity is dissolved in the
groundwater and could potentially cause the mobilisation of metals and nutrients from surrounding soils
through the lowering of pH.

Although the groundwater which flows through the soil profile is of varying composition, it is generally
sufficiently alkaline to buffer the measured acidity. From a risk perspective; the probability of metal
mobilisation from soils due to acidic groundwater is therefore limited.

RECOMMENDATIONS

The following recommendations are made to improve the level of certainty regarding risk management for
Acid Sulfate Soils at the Gingin mine site:
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m The block model should be updated to include all boreholes that have been drilled across the site for all
stages of the project (groundwater well log details should also be included). This will aid in the
development of a sampling and analysis plan for future sampling of the soils at the site for closure
purposes.

m A review of the quality control and quality assurance data associated with all ground and surface water
data acquired to date should be undertaken. This will improve the confidence in the data already
acquired, and consequently monitoring periods may be reduced through the use of existing data.

m Field testing should consider the following:

= Include a test for total titratable acidity, using a suitable field kit, as part of the groundwater and
surface water licence monitoring programme. This test will provide an indication of the source of
the acidity in the groundwater with respect to its mineral or organic origin.

= Record whether water quality analysis are conducted on filtered (using a 0.45um filter as standard)
or unfiltered samples and whether metal samples are acidified. This is important to understand
metal speciation and toxicity and to ensure that correct sample preparation procedures were
implemented.

In order to provide details on sampling methodology including quality control measures required, it is
recommended that sampling of any soil or water should be undertaken in accordance with the relevant
Australian Standard (Water quality sampling — AS/NZ 5667.1:1998 for sampling Soils, AS 4482:1-2005).
Guidance should also be taken from the recently released DEC guidance on sampling for ASS: Western
Australian Government, Department of Environment and Conservation “ldentification and Investigation of
Acid Sulfate Soils and Acidic Landscapes” May 2009. In accordance with these guidelines, the following
analytical parameters should be analysed, which requires additional analyses to those already specified in
Table 7:

m Total: acidity, alkalinity, pH, sulfate, chloride, ammoniacal nitrogen, EC, TDS, DO, redox potential, total
nitrogen, total phosphorous, filterable reactive phosphorous (FRP);

m Filtered and acidified sample: Al, As, Cr, Cd, Fe, Mn, Ni, Zn, Se.

Consideration should also be given to ARD sampling and analysis strategies detailed in:

m Australian Government, Department of Industry, Tourism and Resources, Managing Acid and
Metalliferous Drainage, February 2007.

Based on the available data, it is not recommended to lime soils at the mine site as the acidity recorded is
not leachable and there is available alkalinity in the groundwater in quantities deemed sufficient to neutralise
any potential acid generation. Management procedures developed for the site should take into consideration
that soil at the site was acidic prior to the initiation of ground disturbing activities and thus should remain so
following the cessation of these works. However, as mentioned above, it is necessary to assess the wetland
soils and the mudstone lithology before this conclusion can be generally applied.
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1.0 INTRODUCTION

Golder Associates (Golder) was engaged by Cindy Walker of lluka Resources Pty Ltd to undertake a review
of acidic soils data acquired for the Gingin Mine Site. The Gingin mine is situated along the Brand Highway
approximately 75 km north of Perth. Mining of mineral sands commenced in mid 2005 and ceased in May
2009. Itis expected that closure and rehabilitation will continue until 2010.

In this report the following reports were provided by lluka and reviewed by Golder:

m Oracle Soil and Land Pty Ltd 2002, Pre-mining Soil Survey and Characterisation in the Proposed Gingin
Mine site — Final Project Report.

m Soil Water Consultants 2007, Review of Acidic Soil Studies Conducted at the Gingin Mine site, Final
Report.

m lluka Resources Ltd 2007, Water Resources Management Plan, Gingin Mineral Sands Project.
The following data was also provided by lluka:

m  Groundwater analytical results (Excel file).

m  Groundwater well locations (Shape file).

m Surface water analytical results (Excel file).

m Details of soil bore locations — for selected boreholes (Excel file).

m Landgate image of the extent of the mine site.

m  Figure depicting the location of the Central Wetland.

m  Block model of mine (Data mine).

m  File for transformation of co-ordinates in block model (Excel file).

m Borehole logs for groundwater wells extracted from URS report on the Gingin deposit-Impacts of Mining
on Shallow Groundwater Resources (PDF).

1.1 Objectives

The objective of the review is to assess the risk posed by acidic soils at the mine site with respect to the
closure of the mine in the future.

1.2 Scope of Works

m Desktop study and analysis to evaluate the extent of Acidic Soils at the Gingin Mine site based on the
geological database, Total Sulfur tests completed on HMC during mining, previous work on Acid Sulfate
Soils (ASS), soil studies as well as groundwater abstraction, groundwater and surface water quality
monitoring.

m Detailed geological interpretation of the area, with specific reference to the unconsolidated profile,
including, but not limited to, a detailed discussion of the probability of acid sulfate soils forming in this
specific environment. Previous studies need to be considered and where relevant, data should be
re-assessed and previous interpretations discussed.

m Provide a recommended monitoring program for the Closure Phase of the Gingin Mine site, to ensure
impacts of acidic soils in groundwater and surface water systems continue to be monitored and
managed appropriately following cessation of mining activities.

-
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1.3 Background — Acid Sulfate Soils

Acid Sulfate Soil (ASS) is a general term applying to both a soil horizon that contains sulfides (i.e. Potential
Acid Sulfate Soil - PASS) and an acid soil horizon affected by oxidation of sulfides (i.e. Actual Acid Sulfate
Soil - AASS).

ASS are those soils that contain reduced inorganic pyrite that when oxidised, either by exposure to air
through excavation or by exposure to air during water level changes occurring as part of dewatering, can
leach sulfuric acid. This poses a risk to the environment due to the increased acidity of soil and groundwater
and can result in the mobilisation of heavy metals in groundwater. Increased acidity can also lead to
corrosive conditions and reduce the life of buried concrete and steel structures.

Soils that have fully or partially undergone this oxidation process are termed Actual Acid Sulfate Soils
(AASS) and generally are in aerobic conditions above the groundwater table. Potential Acid Sulfate Soils
(PASS) are those soils that have the potential to oxidise if exposed to the air and are generally below the
groundwater table, located in anaerobic conditions.

General characteristics of ASS generating areas in summary are:

Site location:

m Areas at or below 5 m above AHD.

m Riverine and coastal lowlands.

m  Water logged areas such as wetlands, swamps, marsh lands, sump lands.
m Scalded areas (where there has been significant flora die back).

m Salineinland areas.

m  Areas with sulfate rich groundwater.

Geological characteristics:

m Sulfide mineral bearing lithologies.

m Former marine and estuarine environments i.e. shales and sediments.

m Coal deposits.

m Mineral sand deposits.

m  Areas with peat.

m Recent sand units; grey sand +/- iron cemented organic rich sands (coffee rock).
Hydrogeological characteristics of ASS environments:

m Areas where the highest known water table is within 3 m of the ground surface.

Acidic soils are generally those recording a pH in water of 4.5 or less. Acidic soils are not always associated
with ASS, acidity can be present which has not been caused by the oxidation of sulfides.

The Suspended Peroxide Oxidation Combined Acidity Suite (SPOCAS) is a test which provides an
accounting method of the acidic and basic components of a soil; known as acid-base accounting. If there
are more acidic components in a soil, a total amount of basic component required (i.e. lime) will be reported
by the analysing laboratory.

-
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The two key results provided by the SPOCAS suite of tests that are used to interpret the acidity of a sample
are sulfidic Titratable Actual Acidity (STAA) and the sulfidic Peroxide Oxidisable Sulfur (Syos). Sulfidic
Titratable Peroxide Acidity (sTPA) is a calculation of the Net Acidity which includes Acid Neutralising
Capacity (ANC), this value is not used when assessing the initial acid generating risk of a sample because of
the ANC component. For the initial risk assessment ANC is not included as it is not known how available the
ANC is for the neutralisation of any acid generated. The results from the STAA test can indicate the
presence of actual acidity in the soil at the time of sampling. However, soils considered as actual sulfate
soils are generally above the groundwater in aerobic conditions. Soils exhibiting high levels of potential
acidity are generally located beneath the water table. The Sy, result from the SPOCAS test is a measure of
potential acidity and indicates whether or not there is potential for sulfuric acid to be generated by the soils if
exposed to aerobic conditions.

2.0 SITE DESCRIPTION
2.1 Site Identification

The mine site is located approximately 4 km north-west of Gingin, a small town approximately 75 km north of
Perth in Western Australia.

2.2  Planning Information

2.2.1 Heritage Listing

A search on the Heritage Council of Western Australia website returned 3 heritage listings on the Brand
Highway within the suburb of Gingin and 4 heritage listings on Dewar Road within the suburb of Gingin. A
search on the Department of Indigenous Affairs website returned 14 registered Aboriginal Heritage Sites
within the vicinity of the site. Results from the Heritage Council of Western Australia and the Department of
Indigenous Affairs are presented in Appendix A.

2.3 Wetlands and Surface Water

Gingin Brook is located approximately 2 km west, south and east of the site. Wallering Brook is located
approximately 3.5 km north of the site.

The mine site is traversed by several small tributaries which flow during the winter months until early summer
each year. These tributaries are currently diverted to avoid water entering the mine pit. It is expected that
these tributaries will be returned to their original pathway following closure.

2.4 Climate

The closest weather station to the site in Gingin Aero Station; meteorological conditions have been recorded
at the station since 1968. Mean daily maximum temperatures recorded range from 18.3°C (July) to 32.9°C
(February), while mean daily minimum temperatures range from 6.2°C (August) to 16.6°C (February)
(Bureau of Meteorology, March 2009).

Gingin Aero Station has an average annual rainfall of 667.3 mm per year (Bureau of Meteorology, March
2009), with the majority of rainfall falling during the winter months. The highest mean rainfall days have
been recorded during the period of June to August.

2.5 Geology

The 1:50,000 Gingin Sheet of the Environmental Geology Map Series provides an indication of the geology
of the site. The map indicated that the western portion of the site is situated on Guildford Formation
sediments, while the eastern portion is situated on colluvium material, soil and undifferentiated sand.

The Gingin heavy mineral deposit is approximately 3 km in length and 300 m wide, it's emplacement has

been interpreted as being syngenous with the Gingin Shoreline (Baxter 2007 in Oracle 2002) having formed
in sequences of beach, dune, lagoon and estuarine sediments. The mineral deposit itself is contained within
a massive, cemented clay matrix with interbedded brownish grey to white sand. Oracle 2002 record that the
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boundary between mineralised and unmineralised material is difficult to define in the field as the basal
portion of the overburden (the material directly on top of the mineralised zone) is set in a cemented
siliceous/ferruginous hardpan similar to the underlying ore body.

The portion of the Gingin Sheet of the Environmental Geology Map Series that includes the site is presented
in Appendix B.

2.6 Regional Hydrogeology and Groundwater Use

Enquiries were made to the Department of Water (DOW) regarding the presence of licensed groundwater
wells within a 5 km radius of the sites. According to the DOW, there were approximately 92 registered
groundwater wells within a 5 km radius of the sites. Groundwater information provided by the DOW is
presented in Appendix C.

2.7  Acid Sulfate Soils (ASS)

The Australian Soil Resource Information System (ASRIS) was used to assess the potential risk of ASS
occurring in the vicinity of the site. The western portion of the site showed “Low Probability of Occurrence” of
ASS and the eastern portion showed “Extremely Low Probability of Occurrence” of ASS (Appendix D).

2.8 Environmental Protection and Biodiversity Conservation Act
Protected Matters

The EPBC Act website was consulted for information pertaining to the sites. The search reported that, within
5 km of the site, there were 6 threatened species and 7 migratory species that are matters of national
environmental significance.

Results of this search are contained in Appendix E.

2.9 Western Australia Land Information Systems

A search of the WALIS database was conducted to ascertain land issues surrounding the sites. The search
did not identify any noteworthy items.

3.0 COMPARISON OF SAMPLING STRATEGY UNDERTAKEN AT THE
SITE WITH CURRENT REGULATORY GUIDANCE

The general consensus of the recommended guidance available for sampling soils whether it be for the
assessment of acid generation potential, ore evaluation or for contaminated sites assessment is that the
sampling strategy should ensure that the soils and or rock at the site be sufficiently characterised to ensure
that the data quality objectives for the project are met. For the Gingin mine site, the following regulatory
documents have been considered relevant:

m  Western Australian Government, Department of Environment and Conservation “ldentification and
Investigation of Acid Sulfate Soils and Acidic Landscapes” May 2009.

m Australian Government, Department of Industry, Tourism and Resources, Managing Acid and
Metalliferous Drainage, February 2007.

Guidance from DEC stipulates that a low density of sampling locations per site may be identified when
assessing for ASS, however, high resolution sampling at each location is recommended. It is recommended
that the sampling should be undertaken at 0.25 m intervals to 1 m below the expected depth of disturbance.
This density is recommended because of the nature of the formation of ASS. The microbial communities
involved in the formation of iron sulfides, which inturn form the acid sulfate soils, tend to be spatially
distributed in a very patchy manner.

However, from a mining perspective the sampling density recommended is less specific. For a mine site,
according to the Australian Government, “sampling should represent all geological material that will be mined
or exposed, and each waste type” all material sampled should be assessed for its acid generating potential.

-
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The number and type of samples taken is dependant on the size of the mine and the phase of the project but
must be sufficient to represent the variability/heterogeneity within each geological unit and waste type. They
recommend that all samples be assayed for total sulfur as a minimum. They further recommend that not
only ore should be evaluated but host and country lithologies should also be included in any sampling
strategy.

The sampling strategy for the assessment of the acid generating potential of the soils at Gingin has not been
provided in a stand alone document. From a review of the reports and data provided to Golder it apparent
that the strategy adopted was as follows:

m  Soil bores were drilled across the site to include areas outside the mine extent.

m  The depth to which these bores were drilled represented the maximum depth of mining in that area.
Samples were collected every metre and were analysed for pHf and pHfox for all samples. Selected
samples were analysed for pH and a suite of metals. Further samples were selected for total sulfur
analysis.

It is noted that there does not seem to have been a discussion to assess the number of samples to be
collected to be statistically representative of the number of soil units present at the site.

4.0 DESCRIPTION OF PRE-MINING SOILS

4.1  Previous Investigations

Prior to the initiation of mining at the Gingin site, lluka engaged Oracle Soils and Land Pty Ltd (Oracle) to
undertake an investigation into the types and characteristics of the soils at the Gingin Mine site. The results
of this investigation were reported in the Final Project Report, 2002. Oracle (2002) defined three main soll

types:
m SMU 1 Yellow/Red coarse sands; elevated topographic positions.
m SMU 2 Pale Grey coarse sands; low topographic positions.

m SMU 3 Fine to coarse alluvium; stream channels and flood plains.

All soils were interpreted as originating from the adjacent Gingin Scarp and Dandaragan Plateau, the soils
were described as predominantly siliceous in character, and were thought to have been deposited by
alluvial, fluvial and colluvial processes.

In the centre of the site, the soils (SMU 2) were described as being seasonally waterlogged. This area is in
the portion of the site known as the central wetland (refer to Figure 2 for location).

Field and laboratory analysis was undertaken by Oracle (2002) to characterise the soils physical, chemical
and mineralogical nature. In summary, all soils tested recorded pHyqer in the acidic range (<7; 5.0-6.8), EC
ranged from 1.1 — 27.4 mS/m, Phosphorus Retention Indices (PRI) ranged from 0.9-261 mg/kg, reactive iron
(Fe) ranged from 336-3066 mg/kg, in subsurface soils, organic contents were generally low ranging from
0.06-0.13%, however, they were higher in the topsoils where organic contents up to 4.39% were recorded.
An assessment was also carried out on the milli-equivalents of exchangeable cations in each soil type. It
was notable that the basic cations (calcium (Ca) and magnesium (Mg)) were dominant in all soil types
assessed, although it should also be noted that aluminium (Al) exchange was only undertaken for the top soil
and not for any subsurface lithologies.

The summary of the physical and chemical data (Oracle 2002) describes the top soil as having “high
exchange acidity”, although the cations that are generally associated with exchangeable acidity (sodium
(Na), potassium (K), aluminium (Al)) were not the dominant exchangeable cations in this soil. One plausible
explanation for this may be that the cation exchange capacity may have been mis-interpreted as
exchangeable acidity. Exchangeable acidity appears during the soil genesis process (e.g. podolisation) can
be regarded as a deterioration of the exchange surfaces and is associated with the release of Al. Clay can
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undergo hydrolysis (acidolysis, acidocomplexolysis) which causes the destabilisation of the 2:1 lattice
arrangements of the clay structure resulting in some of the AI** cations of the octahedral layer passing into
exchangeable positions. So the surface exchange cations gradually decrease and the pH of the soil follows
suit.

What may be argued is that the topsoils contain an appreciable amount of reactive iron and therefore there is
a strong possibility that acidity may be generated through the hydrolysis of iron bearing oxides and
hydroxides; the breakdown of a hydroxide to an oxide releases a proton and therefore increases the acidity
of a solution. In addition to the acidity generated by iron hydrolysis, exchangeable acidity may also be
present, however, it is unclear how much exchangeable acidity is present due to the lack of Al analysis for
the soils.

Manganese (Mn) is also another element that contributes to the total acidity of a soil.

The test for exchangeable acidity is known as a pHgc test. If the sample of soils is treated with potassium
chloride (KCI) the Al ions are released into the solution with the concomitant release of protons and a
decrease of the solutions pH. It does not appear that this test has been undertaken for the soils at Gingin
with any great density. The additional pH test carried out on the soils by Oracle was undertaken in a solution
of CacCl,, which is a test designed to give a more accurate reading of the pH of a soil and does not provide
an indication of the exchangeable acidity.

Elemental analysis (possibly X-ray Fluorescence, (XRF) analysis) was undertaken on the soils, sulfur was
included in this analysis. The %S in the lithologies ranged form 0.0-0.02% total sulfur, with the highest
reading being recorded in the sandstone/siltstone, which also recorded one of the highest Al concentrations
of 5.46% (Oracle 2002). The sedimentological descriptions provided by Oracle of SMU1 discuss the
siliceous ferruginous hard pan which is the sandstone/siltstone as being derived from a lacustrine
evaporative environment. Such an environment would likely have lead to the deposition of sulfate salts from
the evaporation of potentially brackish water and hence provides a source for the sulfur in the sandstones.

X-ray diffraction (XRD), a qualitative mineralogical analytical technique recorded the presence of
goethite/haematite in the sands and red clays indicating oxidised soil mineralogy. The grey clay contained
hydrated halloysite which is an aluminium silicate. The grey clay also recorded significantly less quartz
content than all other lithologies analysed (Oracle 2002).

A limited analysis of the surficial aquifer groundwater quality was undertaken in Oracle’s study (Oracle 2002).
The surficial groundwater composition (once salt solubility was taken into account) it was said “generally
reflects the chemistry of the soils in each location sampled”, however, an analysis of the data to substantiate
this claim was not provided in the report. One notable omission in the water quality analysis detailed in the
report is that alkalinity was not recorded, and therefore is not possible to calculate an ionic balance.

Soils showed a colour change and mottling at depth in the clays, siltstones and gravels, which was
correlated with what Oracle described as a higher exchangeable cation concentration. These data may be
considered together to assume that the colour difference is due to more reducing conditions. However,
where redox conditions in groundwater were recorded (lluka pers. comm.) all results were positive,
suggesting that groundwater is oxidised and thus not affected by the reduced soil chemistry. Nevertheless,
localised reducing conditions could be present due to the presence of organic mater, which during its
oxidation, may have reduced the surrounding soils and resident minerals to cause the mottling.

5.0 ASSESSMENT FOR THE PRESENCE OF ACID SULFATE SOILS
5.1 DEC ASS Investigation Guidelines

The Western Australian Government Department of Environment and Conservations (DEC) document
“Identification and Investigation of Acid Sulfate Soils and Acidic Landscapes” (May 2009) provides practical
guidance on the minimum level of investigation required to identify the presence/absence, nature and extent
of acid sulfate soils for an urban development.
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The DEC recommends that a staged approach to ASS identification and investigation be carried out which
would start with a discussion on the type of development proposed, the potential area of disturbance with a
discussion on the likely hood of disturbing ASS and or groundwater at the site. This would generally be
followed by an intrusive investigation of the soils and groundwater conditions which ultimately would provide
advice on the soil types present and groundwater quality. If development of the site was to proceed, the
DEC recommend that in ASS and acidic landscapes, such development be conducted under prescribed
management conditions which should be closely monitored. It is recommended that all monitoring data pre,
during and post-development be submitted to the DEC for review.

DEC guidance also recommends the frequency of sampling locations for any development. At a minimum, 4
locations per site should be sampled. For larger sites, a density of 2 locations per hectare are
recommended, however, for very large sites, the DEC recommend that reduced sampling densities may be
agreed upon demonstration of an understanding of the local geological and hydrogeological characteristics.
Soil sampling should extend 1 m below the maximum depth of ground disturbance or where groundwater
level alteration is required. The DEC advises that samples should be collected at a minimum rate of 1 per
250 mm, or from each lithology unit, whichever is most frequent.

The DEC ASS investigation guidelines recommend that field testing should be carried out on all soil samples
collected. Field tests cannot be used to assess the risk of acid generation of a lithology and these tests must
be followed by laboratory analysis using the SPOCAS method. The DEC recommend that samples are
assessed by the SPOCAS method at a rate of 1 per 0.5 m. In addition, where changes in lithology occur at a
rate of less that 0.5 m, samples should be submitted for SPOCAS analysis for each discrete lithological
interval. The DEC guidance also recommends that soils samples should be further analysed for the
chromium reducible sulfur (CRS) suite to aid in the differentiation between various sources of acidity
recorded in SPOCAS analysis.

It should be noted that the DEC discuss in their guidance that not all soils at a site need to be sampled for
their acid generating potential. If soils at the site exist in landscapes which have never been disturbed and
have historically always remained dry, it is not necessary to perform the full acid base accounting laboratory
analysis on these soils.

5.2 Summary of ASS Investigations — Gingin Mine Site

Three phases of soil sampling were undertaken at the mine site between 2003 and 2004, by Environmental
Geochemistry International (EGI), Oracle Soil and Land (OSL), and Soil Water Consultants (SWC). The
soils from these sampling phases were assessed for the presence of acidity, the presence of acid sulfate
soils and a limited nhumber of samples were assessed for their metal content. The report by Oracle Soil and
Land Pty Ltd (OSL) in 2004 is a review of analysis to assess the likelihood of encountering acid sulfate soils
at the mine site, undertaken by the Chemistry Centre of Western Australia in 2003.

A summary of the work carried out in each phase of ASS investigations is provided below:

Phase One:

m Soil sampling was carried out at 3 locations, one in each of the southern, central and northern section of
the mine site extent. Borehole depths ranged between 14 and 26 m below ground level (bgl).

m  Soil samples were collected at a rate of one per metre from each borehole.
m  pH;and pHyx measurements were not carried out.

m Every second sample was submitted for SPOCAS analysis (total of 29).

m No PASS/AASS was indicated from the results of SPOCAS analysis.

m Soils collected from the top 10 m of the northern borehole recorded Net Acidities above the DEC
criteria, ranging between 37 and 92 mol H'/t (DEC criteria = 18 mol H'/t).
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m Based on SPOCAS analysis, all acidic soils were attributed to acidity derived from sources other than
the oxidation of acid sulfate soils.

Phase Two:

m Soil sampling was carried out from a total of 15 borehole locations to depths ranging between 12 and
27 m bgl.

m Borehole locations concentrated around both the northern and southern stream lines at the north and
south of the mine site.

m  Soil samples were collected at a rate of one per metre from each borehole.

m pHfand pHx measurements (field test) were carried out on a total of 255 soil samples, pH; ranged
between 4 and 7.8 with all pH;results below 4.5 being recorded from samples collected in the vicinity of
the northern stream line. pH¢ ranged between 3.3 and 8.8.

m  Atotal of 37 soil samples were submitted for SPOCAS analysis, all samples recorded S results below
the laboratory’s detection limit (0.01%S).

m Based on SPOCAS analysis, all acidic soils were attributed to acidity derived from sources other than
the oxidation of acid sulfate soils. The results of field and laboratory testing indicated that acidic soils
were present near the northern stream line.

Phase Three:

m  Soil sampling was carried out from a total of 22 bore holes locations to depths ranging between 14 and
29 m bgl.

m Borehole locations were spread across the entire extent of the mine site footprint.

m  Atotal of 489 soil samples were collected, field tests were carried out on each samples to determine
pH¢ and pHrox values.

m Based on the correlation of field test results (pHy) with laboratory results (TAA) from Phase 2 ASS
investigations, a pH; result of 5 was considered to be adequately conservative as a trigger value for the
presence of soils with a TAA in excess of the DEC net acidity criteria of 18 mol H'/t.

m 26 samples recorded a pHs of less than 5, the distribution of the average acidity recorded during Phases
2 and 3 of the ASS investigation are shown in Figure 1 and Figure 2 below.

In all phases of sampling and assessment where pH was assessed, the soils were recorded as acidic. In
Phases 1 and 2 an assessment of the soils ASS potential was undertaken and in both cases the soils were
found not to be acid sulfate soils. In general the soils recorded sulfur in low concentration (either on or below
laboratory limits of reporting (LOR)), and did not exceed the most conservative criteria for ASS which is
0.03%S (DEC, 2009).

In an attempt to summarise all the field screening analysis undertaken during this period, Golder has
presented the average pH; and pHjo, vValues for each location sampled, on Figure 1 and Figure 2
respectively. Figure 1 depicts lateral variation of pH; across the mine area and Figure 2 depicts lateral
variation of pHsx. Essentially the data presented in each figure is an average pH of the core at the location
sampled. This was deemed suitable as there is little variation in pH with depth for each location.

Comparison of Figure 1 and Figure 3 (Figure 3 is copied from the Oracle 2002 report), indicates that the
most acidic soils correspond to the SMU 3 unit. The soils in SMU 3 were interpreted by Oracle as sodosol,
however, the definition of a sodosol provided in the same report is one which is not strongly acidic so
therefore these soils may be mis-classified.
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The block model provided by lluka details 46 lithological codes, thus is can be summarised that 46 litholigical
types have been recorded at the Gingin mine site. From the information summarised above, approximately
800 samples have been submitted for analysis.
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Figure 3: Distribution of SMU within the Gingin Mine Site taken from Oracle, 2002

5.3  Output from the Block Model

lluka provided Golder with a Datamine block model in mine coordinates. All data regarding the samples
collected for ASS assessment were only provided in latitude and longitude format, therefore, in order to
assess whether the sampling undertaken for ASS was representative of the soils at Gingin, all the data
provided in the block model had to be converted using a conversion factor provided by lluka. These data
were then imported into VULCAN software for the purposes of this review.

The objectives of the review of the block model were:
m To store all relevant soil lithological information in the one dataset.
m To provide an indication of the soil types sampled during the ASS assessments undertaken at the site.

m To compare groundwater pH data with the spatial distribution and pH of the soils at the site.

lluka’s block model was created from the sampling of a selection of the boreholes drilled at the site. The
boreholes used to construct the block model ranged from GG1052 to GG2548. Soil bores sampled in

Phase 1 were GG1296, GG1644, and GG1768. It was noted that the boreholes sampled during Phase 2
and Phase 3 had different identifiers to those bores in the block model. All the bores in the block model start
with GG, all the bores sampled during Phase 2 and Phase 3 sampling start with PGG and, therefore, it was
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assumed that these bore were not included in the block model development. Lithological codes used for the
block model are included in Table 1. Golder added the locations of Phase 2 and Phase 3 sampling
boreholes to the block model (Figure 5 and Figure 6 below).

Table 1: Lithology Codes Extracted from lluka Block Model
LITHCODE LITH1

1

© 00 N o o B~ W DN

N N NN R R PR R R R R R
W N P O © 00 N © 00 » W N B O

clay

clay

clay

clay

clay

clay

clay

clay

clay

clay

clay
clay/sand
clay/sand
silt
clay/sand
clay/sand
clay/sand
clay/sand
clay/sand
clay/sand
clay/sand
clay/sand

sand/clay

LITH2

clay/sand
Granite
Gravel
gritty sand
Ironstone
Laterite
Quartz
Rock
Sand

sand/clay

Clay
Sand
clay/sand
Granite
Gravel
Hm
Ironstone
Laterite
Quartz
Rock

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

LITHCODE LITH1

sand/clay
sand/clay
gravel
quartz
sand
sand
sand
sand
sand
sand

silt

sand
sand
sand
sand
sand
silty sand
sandstone
basalt
ironstone
laterite
laterite

laterite

LITH2
ironstone

laterite

clay
clay/sand
granite
gravel

hm

ironstone
laterite
quartz
sand

sandstone

clay

sand

Figure 4 to Figure 6 depict the Gingin block model with selected cross sections. It should be noted that the
lithological code provided in Figure 5 (referring to Table 1) is valid for all three these figures and are.
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Figure 4: Gingin Block Model Depicting Phase 1 Sampling Locations
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Figure 5: Gingin Block Model with Phase 2 Sampling Locations and Selected Cross Sections
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Figure 6: Gingin Block Model with Phase 3 Sampling Locations

Comparing the results of the revised block model and the interpretation of soil management units (SMU) by
Oracle (2002), it can be inferred that the soil pH is higher where sands are dominant, compared with
locations where clays are the dominant lithology.

—
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5.4 Review of URS GW Well Installation Bore Logs

lluka provided Golder with a PDF copy of a selection of the groundwater well installation soil logs which were
extracted from a URS report dated 20/4/2001. Soil logs were provided for the following wells:

Table 2: URS Groundwater Well Logs Provided by lluka

Name of Well Easting Northing RL m AHD
GSP1 392437 6535119 95.85
GSP2 392693 6535177 100.03
GSP3 392694 6535269 88.7
GSP4 392901 6535327 94.68
GS2S,D 392901 6533890 99.35
GS7S,D 392901 6533707 93.48
GS4S,D 393083 6536086 99.17
GS8S,D 393083 6535861 94.58
GS9S,D 393180 6535859  84.05
GS10S,M,D 393182 6535325 79.51
GS11S,D 393286 6535327 82.97
GS12S,D 393287 6535328 75.50
GS13S,M,D 393598 6535072 78.47
GS14S,D 393597 6535070 78.93
GS15S,D 393125 6534676 82.36
GS16S,D 393126 6534676  84.99
GS17S,D 392775 6534365 91.18
GS18S,D 392775 6534363 84.99
GS19S,M,D 392775 6533664 95.44
GS20S,M,D 392844 6533661 88.88
GS21S,D 392845 6533402 94.16
GS22S,D 392354 6533402 NP
GS23S,D 392354 82.85

Note: the report relating to the installation of these wells was not provided, it is assumed that the identifiers S, M and D relate to
S=shallow, M=Moderate and D=Deep. Shallow wells extend to 15 m below ground surface, moderate wells extend to 20 m below
ground surface and deep wells extend to 30 m below ground surface. The wells are not nested wells, there is a separate bore for each
depth, but only 1 log for all wells at that location. No details are provided as to how far apart wells are from one another. NP = Not
Provided.

Most lithologies described in these logs correspond with the descriptions of the soils at the site provided by
other reports with the exception of a mudstone which has not been previously described. GS2S & D
describes presence of mudstone/shale black grading to puggy mudstone shale with increasing depth. This
lithology was also encountered in GSP4, GS7S&D, GS8S&D, GS11S&D, GS15S&D, and GS16S&D. From
these groundwater well logs it can be inferred that the mudstone layer dips to the north-east, as it appears to
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be encountered at depths ranging from 25 m to almost outcropping at GS14S&D (depth encountered 1 m
below surface). This lithology is not detailed in the lithological legend in the block model provided by lluka.
Bands of this mudstone in the URS logs range from 1 m to 7 m in thickness.

The boreholes where the mudstone/shale was intersected are clustered with GS11, GS07, GSP4 and GS08
at the southern extent of the mine, GS04, GS15 and GS16 in the centre of the site and GS02 in the northern
extent of the site (refer to Figure 2 for well locations).

The extent of the shale may be patchy and thus this lithology may not have been sampled during any phases
of sampling for chemical analysis undertaken at the Gingin site to date.

6.0 COMPARISON OF THE pH OF PRE-MINING WITH THE pH OF
SOILS DURING MINING

Limited information on current soil conditions was provided by lluka. pH; and pHsy Of nine soil samples
collected in 2009 were assessed against the average pH; and pHs,, data detailed in the SWC (2007) report.
The nine samples were collected between co-ordinates 6535405 N 392588 E and 6535409 N and 392506 E
in February 2009. pHf ranged between 4.71-6.56, pHfox ranged between 4.28-5.77, and the largest pH
difference between pHf and pHfox recorded was 0.8 pH units. These data are within the same range as the
data collected for the soils prior to the initiation of mining as depicted in Figure 1 and Figure 2. Please refer
to Appendix F for raw data from February 2009.

7.0 SURFACE WATER QUALITY

Surface water data was provided to Golder by lluka for the three streams which intersected the mine site
area prior to the commencement of mining. Throughout the data, each stream is identified by its location
with respect to the mining area; either northern, central or southern. The northern stream was monitored at
2 locations, the central stream at 3 locations and the southern stream at 3 locations. The co-ordinates and
reference levels of each monitoring point supplied by lluka are provided in the Table 3, and are shown in
Figure 7 and Figure 8.

It should be noted that the streams shown on Figures 1 to 3 have been included based on the alignment of
both the supplied sampling location co-ordinates and historical locations of stream lines as indicated by
historical aerial photographs.

A review of the supplied surface water chemistry data was carried out to assess whether trends could be
seen both on average between sampling locations for the entire record of data and also at each location
prior to (Figure 7) and following (Figure 8) the commencement of mining. The following sections provide a
summary of and comment on the data reviewed for each stream.
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Table 3: Surface Water Monitoring Locations

Description AMG RL Ground
Northing Easting m AHD
South Stream  SSO01 6533690.260 393749.429 95.261
SS02 6533350.053 393701.968 88.379
SS03 6533070.719 393356.302 80.984
North Stream NSO1 6535565.656 393105.385 101.918
NS02 6535429.135 392340.127 88.542
Central Stream CSO01 6534028.080 392632.899 77.363
CS02 6533808.317 392317.979 73.991
CS03 6534588.473 392327.827 82.139

7.1 South Stream

Based on the locations of surface water monitoring points shown in Figure 7 and Figure 8, SS01 and SS02
are both up slope of the mining operations and SS03 is down slope. Historically, it is likely that the southern
stream was made up of two tributaries which met towards the southern part of the mine pit. The current
understanding is that the southern creek was re-routed around the southern edge of the mine area, however,
the exact route (following the commencement of mining) is not known. Based on recent aerial photography,
the current path of the southern stream is assumed to be as shown on Figure 8. Table 4 summarises both
the average chemical analysis results for each monitoring point between 2001 and 2008, and a comparison
of the same averages for the pre-mining (2001 to 2004) and once mining had commenced in the area (2004
to 2008).

Differences between the results of chemical analysis for before and during mining were assessed by
calculating relative percentage difference (% RPD) based on the following equation:

%RPD — (Conc.A— Conc.B)*200

Conc.A+Conc.B

Where Conc. A is the concentration of a given chemical analytes prior to the commencement of mining and
Conc. B is the concentration of that same analyte once mining had begun.

Where the result of the %RPD calculation was greater than 50%, the analyte was highlighted as having
changed significantly following the commencement of mining. In the event that the %RPD was greater than
50% and the results of each chemical analysis were close to the laboratories detection limit, the percentage
difference was not considered to indicate a significant change in results.

Analytes which were highlighted as having changed significantly between the pre-mining and during mining
data are summarised in Table 4
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Table 4: Summary of RPDs Greater than 50% for SS01, SS02 and SS03

Location Sampling Conductivity Suspended Turbidity Al so* NO*
Period (mS/cm) Solids (NTU) (mg/L) (mg/L) (mg/L)
(mg/L)
SS01 Pre-Mining 81.33 15.67 18.43 0.14 50.88 0.38
During Mining 389.29 47.46 91.68 0.26 29.49 0.19
% RPD 131 101 133 60 53 67
SS02 Pre-Mining 72.08 - - - 4980 -
During Mining 454.17 - - - 29.54 -
% RPD 145 - - - 51 -
SS03 Pre-Mining 129.33 - - 0.33 - -
During Mining 536.00 - - 0.06 - =
% RPD 122 - - 138 - =

Based on the results summarised in Table 4, it is apparent that there is more variations in pre-mining and
during mining chemical analysis results is seen from surface water monitoring point SS01 when compared to
SS02 and SS03. A few significant variations were also recorded for SS02 and SS03. Based on this
information it is not possible to comment on whether mining activities have had a considerable effect on the
surface water quality from the southern stream. It appears that the surface water chemistry has changed
significantly (for the analytes listed above) in response to another influence, unigue to the position of SS01.

Golder cannot comment further on the likely source of surface water chemistry variation since information on
the altered path of the southern streamline is not known. An assessment of the possible correlation between
rainfall and changes in surface water chemistry was attempted. However, the interpretation of rainfall and
stream flow data for the southern creek was not able to provide an indication on any such correlation. This
was primarily due to the absence of stream flow data for the years 2002, 2004, 2006 and 2008, the potential
inaccuracies in the 2003 data and that it was unclear which set of data corresponded to 2005 stream flow
data.

7.2 Central Stream

Based on the locations of surface water monitoring locations shown in Figure 7 and Figure 8, CS01 is
located within the mining area and CSO02 is located down slope of the mining area on the central streamline
near its intersection with the Brand Highway. Based on recent aerial photography the current path of this
central stream is assumed to be as shown on Figure 8, namely that now only exists to the west of the mining
operations. Table 5 summarises both the average chemical analysis results for each monitoring point
between 2001 and 2008. A comparison of the same averages for the pre-mining period (2001 to 2005) and
once mining had commenced in the area (2005 to 2008) is also included.

CS03 appears to be situated further north on a separate stream line for, which no surface water chemistry
monitoring data was supplied by lluka.

RPDs were calculated for each set of data as per the method described for the southern stream. It is not
possible to easily summarise the occurrences where pre-mining and during mining data has been deemed to
vary significantly. A number of the outlying RPD’s which are greater than 50% and occur in both sets of data
(CS01 and CS02) have been summarised in Table 5.
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Table 5: Summary of Outlying RPDs Occurring in Both CS01 and CS02

Location Sampling Conductivity Suspended Turbidity Na Cl Fe so*

Period (mS/cm) Solids (NTUL) (mg/L) (mg/L) (mg/L) (mg/L)
(mg/L)

Cso1 Pre-Mining 52.35 14.75 335.00 78.63 102.75 3.18 14.75
During Mining  145.00 595.00 1280.00 328.00 517.00 0.53 59.10
% RPD 94 190 117 123 134 143 120

CS02 Pre-Mining 44.66 15.00 346.86 67.03 89.57 5.40 17.40
During Mining  1578.50 489.33 1290.00 363.33 594.67 0.67 74.00
% RPD 189 188 115 138 148 156 124

The results summarised in Table 5 indicate that notable changes in surface water chemistry have occurred
following the commencement of mining. CSO01 is located within the mining area, however, it is unclear from
the information provided and aerial photography, what the drainage behaviour of the mined area, and
through monitoring point CS01, is. CS02 is located west of the mining area is not in an area which has been
mined and as such it has been assumed that it is still located in an area which is down stream (of drainage)
of the mine area.

Significant increases in conductivity, suspended solids, turbidity, sodium, chloride and sulfate are indicated
by the data presented in Table 5, in response to the commencement of mining. A reduction in iron is
indicated by the same data. Due to the lack of data, it is not possible to definitively attribute these changes
in surface water chemistry to an exact cause. However, it is likely that mining has caused disturbance to the
run off magnitude across areas leading into the central creek and through the monitoring points within this
area. Itis possible that the elevated concentrations of certain parameters may be a response to increased
sediment load of streams due to this altered run off pattern.

7.3 Northern Stream

Based on the locations of surface water monitoring points shown in Figure 7 and Figure 8, NSO1 is up-
stream of the mining activities and NS02 is down-stream. Golder has not been provided information on the
management of mining activities in the vicinity of the northern creek, however, based on recent aerial
photography, it is likely that it has not been disturbed or re-routed significantly during mining. Table 6
summarises both the average chemical analysis results for each monitoring point between 2001 and 2007
and a comparison of the same averages for the pre-mining (2001-2007) and during mining period
(2007-2009) are also included.

RPDs were calculated for each set of data as per the method described for the southern stream. There were
a number of cases for both NS01 and NS02 where notable changes were recorded in the surface water
chemistry between pre-mining and during mining levels.
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Table 6: Summary of RPDs Greater than 50% for NSO1 and NS02

Location Sampling Conductivity Suspended Turbidity Al Fe NO,* NO5™ NH3z+

Period (mS/cm) Solids (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
(mg/L)

NS01 Pre-Mining 535.54 76.50 49.42 0.18 0.69 0.15 3.44 0.07
During
Mining 1706.00 17.33 170.48 0.04 0.28 0.01 1.19 0.13
% RPD 104 126 110 122 85 170 97 58

NS02 Pre-Mining 268.45 65.29 38.52 0.15 0.70 - 1.15 0.08
During -
Mining 1518.00 175.22 193.31 0.07 0.32 3.77 0.18
% RPD 140 91 134 80 75 - 107 77

The results summarised in Table 6 indicate that, although aerial photographs suggest that the northern
stream has not been significantly altered by mining, changes have occurred to the surface water chemistry
between pre-mining and during mining data. It is not possible to determine the cause of this variability,
although it is plausible that mining may have had an effect in the area. Changes in the stream conditions
further up stream may have induced the variability seen or a change in rainfall levels over the years for which
monitoring has been carried out may have been the primary cause. It is also possible that all the factors
mentioned played a role in the changes recorded. Furthermore, Figure 7 and Figure 8 show that an access
road has been constructed over the northern streamline and this may have had an effect on down stream
surface water quality. However, based on the data available, is not possible to further discuss the impact of
this construction on the site.

Stream flow data for monitoring location NS02 has only been provided for 2001, 2003 and 2005. For the
2003 data, it has been noted that there may be some inaccuracies due to faulty data collection (lluka pers.
comm.).

7.4  Surface Water Summary

Based on the data provided, it is not possible to fully assess the impacts of the mining activities at the Gingin
site on the surface water quality discharging from the streams at the site. It is apparent that the southern
stream is likely to have been re-routed to accommodate mining in the area. Moreover, as a result of mining
in the area, the central stream may no longer act as a present day drainage channel.

Data collection points appear to show significant surface water chemistry data variation between pre-mining
and during mining monitoring events. These variations, however, are not limited to down stream monitoring
locations, locations upstream of the mining pit being equally variable. Consequently, due to the limited data
provided for the surface water chemistry data and considering the inconsistent stream flow data recorded to
date, it is not possible to clearly ascertain how much of the water quality (physical and chemical) variability of
surface water discharges from the Gingin mine site area is attributable to mining.

8.0 GROUNDWATER

8.1 Baseline Groundwater Conditions

Baseline groundwater monitoring was undertaken by URS between July 2002 and October 2003. The
results were reported in the Water Resources Management Plan — Gingin Mineral Sands Project, lluka,
November 2007.

Only limited geochemical information was presented in the URS report; pH and TDS were presented for a
limited number of bores at the site. These data were further limited by the patchy data quality with large
periods of time where data was not acquired for each analyte. Furthermore, the pH data presented for the
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period June 2003 shows decreasing pH in 5 of the 7 bores analysed. It is not clear whether these data are

“real’ or induced due to instrument malfunction. The bores in question are spatially dispersed and are likely
to be located in varying soil profiles and thus it is difficult to interpret why this variation in pH occurred at this
time.

From the un-interpreted data provided by lluka, groundwater samples taken between 2003 and 2004
recorded lateral variability in groundwater quality. Some bores recorded appreciable alkalinity (in excess of
100 mg/L; max value recorded = 270 mg/L GS13) and others very little (<40 mg/L). Concentrations of TDS
varied from those indicative of fresh waters (min value recorded <1 mg/L in GS13D) to saline (max. value
recorded = 5200 mg/L in GS3S).

Notably GS13 water quality was highly variable with respect to alkalinity and TDS. This bore is the one
located in closest proximity to the central wetland. It is known that the TDS of wetlands can vary in orders of
magnitude between seasons (ANZECC 2000) and therefore this variability is not of concern. From the
groundwater installation soil logs, there is an appreciable amount of silt at this location; silty sand logged
from 7 m to 16.5 m below ground surface.

8.2  Groundwater Quality Monitoring

In accordance with the regulatory license and mine operating strategy (not viewed in this review)
groundwater monitoring was undertaken between 2007 and 2009, the monitoring suite for each bore is
provided in the table below.
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Table 7: Water Monitoring Program taken from lluka Resources Ltd Water Resources Management

Plan, November 2007
Source

Streamflow

Superficial Formations

Yarragadee Formation

Notes:

Locations

NS2, CS2, SS3

NS1, NS2, CS1, SS1,
SS2, SS3, Raw water
Dam, Process water
Dam

NS2, CS3, SS3

Gingin Deposit
Dewar Dam

Sump-pumps

GS1 to GS25, excluding
GS1S, GS3S&D, GS9D,
GS10s, GS12S, GS14S,
GS16S, GS17S,
GS18S&D, GS19S, M&D

RG1, RG3, RG4, RG5
GSP4
B1, W1, Golf Course

GS2, GS8, GS13, GS17,
GS21

GYP1

GYP1
GY1

GB1, AM16A, GB5,
AM4, AM4A, AM6

GYP1

2: Also after large run-off events.

Monitoring
Parameters®

Streamflow

EC, TDS, TSS, turbidity,
pH, Cl, Na, SOy, K, Ca,
Mg, Fe, SiO,, Al, Mn,
HCOs3, Total Alkalinity,
Ammonia, NO3, NO2,
Total P, Total Kjeldahl
Nitrogen and Filterable,
Reactive Phosphorous

Erosion stability — visual
assessment

Rainfall
Dam water content

Abstraction volumes,
operating hours

Cumulative abstraction

Groundwater levels

Groundwater levels
Groundwater levels
Groundwater levels

pH, TDS, Cl, Na, SOy, K,
Ca, Mg, Fe, SiO,, Al, Mn,
Total Alkalinity, HCO3

Abstraction rates and
volumes

Groundwater levels
Groundwater levels

Groundwater levels

EC, pH, temperature,
TDS, Cl, Na, SO,, K, Ca,
Mg, Fe, SiO,, Mn, Total
Alkalinity, HCO3

Monitoring Frequency

Continuous

Quarterly

Bi-annualy®

Minimum daily
Weekly in summer
Weekly

Monthly
Monthly

Monthly
Monthly
Monthly
Quarterly

Weekly

Opportunistic
Weekly
Monthly

1: After initial monitoring it is likely that the qualitative parameters can be scaled back, focussing on likely indicators of pollution and off-site impacts.
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Groundwater at the Gingin site generally has low alkalinity (compared to buffering capacity of groundwater
assessment levels published by the DEC adapted from the Swedish EPA, 2002), neutral pH and TDS below
2500 mg/L (fresh water, ANZECC, 2000). A review of the limited Eh data available shows that Eh readings
were not taken until 2009, all readings taken have recorded positive values therefore it may be inferred that
the groundwater conditions at the site at present are oxidising. It is noted that lonic balance is not available
for monitoring data between 2007 and 2008, furthermore, pH readings may be spurious for some monitoring
events due to equipment failure (pers. comm. Cindy Walker).
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9.0 Comparison of Current Groundwater Results with Baseline Water
Quality
Average pH over the monitoring period for all bores is 6.35 (SD 0.7) and can therefore be considered
generally constant. There is one notable outlier, bore GS10M which through the monitoring period from
2003 to date has recorded consistently lower pH (4.71 in 2003 to 3.8 in 2009). This bore has also
consistently recorded low alkalinity, with below LOR readings recorded in 2009. This bore is located in an
area of moderate ASS risk close to Dewar Road. It is not located within the mining area and thus there is
limited data available regarding the types of soils that this bore is situated within. The bore log (URS 2001)
shows the soils at this locality consist of clay, lateritic sands, sandy clay and silty sands. Some mottling was
described within the lateritic sands, which could be interpreted as the soils in this area having experienced
some change in redox conditions over time, however, considering the information provided to date, there are
no obvious reasons why the water sampled from this bore would be expected to have a lower pH than others
in the area.

All other analytes are generally highly variable with values varying up to 100% from the mean. The potential
reasons for this variability are numerous, although difficult to interpret due to the lack of information
regarding sampling and quality control measures. Nevertheless, from an assessment of the location of the
wells with respect to soil pH it can be interpreted that the pH of groundwater is not directly proportional to soil
pH as the bore that has recorded the lowest pH to date is not located in the area that has recorded the
lowest soil pH to date. In fact quite the opposite is true, with those bores located within soils with the lowest
pH, such as GS17, recording some of the highest groundwater pH readings (pH 7.4).

The groundwater at the site was described as tannic (EMP, lluka 2007), thus low pH readings may be
related to the presence of organic acids and organic sulfur compounds released from the surrounding soils
and vegetation.

9.1 Interpretation of Groundwater Chemical Results with Respect to
Risk of Impact from Potential Acid Generation

In order to assess the risk of impact from the release of acidity to groundwater, the data from Gingin were
compared to the criteria provided by the Western Australian Governments Department of Environment and
Conservations in their document entitled “Treatment and Management of Soils and Water in Acid Sulfate Soil
Landscapes” (January 2009). This document states:

1) If Alkalinity > 60 mg/L and pH > 6.0, the buffering capacity of groundwater is adequate to maintain
acceptable level in the future;

2) Chemical indicators that may indicate that groundwater is being affected by, or has already been
affected by, the oxidation of sulfides include:

= A sulfate/chloride ratio > 0.5 (mainly related to salt water and not freshwater).
= An alkalinity/sulfate ratio < 0.5.

" pH<5.

= A soluble aluminium > 1.0 mg/L.

Thus with the pH of the groundwater at the mine site on average above pH 6.0 and alkalinity on average
above 60 mg/L (average values for license monitoring = 69 mg/L the buffering capacity of the groundwater
can be considered adequate to maintain suitable pH levels.

However, if one calculates the Alkalinity/sulfate ratio, some bores at the mine site do indicate that they have
elevated levels of sulfate compared to their alkalinity. A list of the bores where this ratio indicates a risk of
acidification is provided in Table 8 below:

-
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Table 8: Bores Where Alkalinity vs Sulfate Ratio <0.5 at the Gingin Mine

Bore Alk/SO, Bore Alk/SO,
GS11S 0.02 GS6S 0.16
GS8S 0.06 RG1 0.17
GS11D 0.08 GS23D 0.18
GSP4 0.10 RG5 0.18
GS13D 0.11 GS23S 0.20
GS22S 0.12 GYP1 0.22
GS8D 0.13 GS13S 0.25
GS9D 0.34 GS21S 0.28
GS15D 0.14 GS21D 0.32
GS22S 0.15 GS16D 0.33
GS12D 0.15 GS17D 0.38
GS13D 0.46 GS20S 0.41

Al has been recorded at levels in excess of 1 mg/L in GYP1 and GS21S during license groundwater
monitoring, however, it is not clear from the results provided whether these values are for total Al or
dissolved Al. Al results are only available for two bores pre-mining and it was not at these two bores where
the Al values were recorded. It can thus not be determined whether Al was already elevated prior to the
initiation of mining.

As discussed above, only a small amount of sulfur has been recorded in soils through the ASS assessments
and soil mineralogical assessments undertaken to date. It has been noted that sulfate in groundwater may
be sourced from other non-pyrite related sources such as precipitated salts in pore spaces of coastal
sediments due to the provenance of the soils at the mine site. Therefore, although the ratio of alkalinity to
sulfate is <0.5 for the above bores, it may not be due to impact from ASS in this case.

10.0 DISCUSSION AND CONCLUSIONS
10.1 Soils

Soils at the Gingin site are generally oxidised sands, silts and clays interspersed with gravels, ferrugenised
sands, ironstone, mudstones and shales. The soils were sampled a 1 m intervals, with only 1 sample every
2 m selected for laboratory analysis. From the description of the geology and the soils provided by Oracle in
their pre-mining soils report (Oracle 2002) it was described as difficult to define the boundary of the ore in the
field, therefore, it is reasonable to assume that the soils are physically very similar throughout the soil profile.

From a review of the soil logs recorded during the installation of the groundwater wells (URS 2001) it
appears that the soils are layered in bands of 1 m or greater thicknesses. Consequently, a sampling
strategy of 1 sample per metre should be suitable to collect representative samples of the soil profile.
However, one must also consider the guidance available for ASS. Guidance from DEC stipulates that a low
density of sampling locations per site may be identified when assessing for ASS, however, high resolution
sampling at each location is recommended. The DEC recommend sampling should be undertaken at 0.25 m
intervals to 1 m below the expected depth of disturbance. This density is recommended because of the
nature of the formation of ASS. The microbial communities involved tend to be spatially distributed in a very
patchy manner. Consequently the sulfides in the soils may be finely disseminated in random pattern within a
particular soil horizon. A coarse sampling strategy with depth may miss the sulfides. What one should
consider here, for this site, is that sampling in areas where ASS is more likely to form should be more
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detailed than in areas where the soils are less variable and do not display ASS characteristics. The area
close to the central wetland would be one area where the risk of ASS is higher than the rest of the site.

d"..

As many of the cores sampled are not included in the block model, and the soil chemical reports do not
include soil descriptions, it cannot be assessed at this stage whether all the lithologies present at the site
were sampled and analysed. An attempt was made by Golder to determine the likely soils sampled by
plotting the locations of the soil bores sampled in each phase of soil sampling in the block model.
Comparing the results of the revised block model and the interpretation of soil management units (SMU) by
Oracle (2002), it can be inferred that where sand is encountered more frequently the soil pH is higher than
where clays are the dominant lithology. It is noted however that the mudstone which was recorded at
various locations across the site by URS may not have been sampled.

All chemical analysis undertaken to date on the soils at the Gingin Mine have recorded very low sulfur
contents (maximum 0.02%S by XRF, 0.01%S by SPOCAS methods) and therefore from these data it cannot
be interpreted that ASS is present. Furthermore, there is no evidence presented to refute the conclusion of
all soil previous reports (EGi, 2003, Oracle 2004 and SWC, 2004) that the soils acidity is most probably due
to the hydrolysis of Fe and Al bearing clays.

One form of acidity that has not been put forward is organic acidity. It is described that the top soil at the site
can contain appreciable organic matter contents (in excess of 4% TOC). The observed tannic groundwater
is indicative that both the soils and groundwater at Gingin contain organic acids. The periodic dewatering in
the vicinity of the central wetland area is likely to lead to groundwater level fluctuations and the exposure of
the wetland sediments to air. Sediments in the central wetland area are highly likely to contain peaty organic
rich soils which, upon exposure to air, could oxidise leading to the release of organic acids. Following the
cessation of dewatering, the recovery of groundwater levels could allow these organic acids to enter the
groundwater system. Such sporadic release of acidity makes the deconvolution of spatial versus seasonal
variability in groundwater composition more complex.

There seems to be a disparity between the results of the chemical analysis and the recommended
management of soils at the site. All data collected to date regarding the source of acidity at the site has
been interpreted as non-sulfidic acidity. This acidity is retained within the soils and is not being released to
the environment as pHsx and pHgc are similar to pHy, thus indicating that the acidity is not leachable. This
contradicts the findings of Soil Water Consultants (2007) that special measures be taken when dealing with
acidic soils at the mine site due to “ the rapidly leached” acidity.

Acidic regions, such as identified at Gingin, need special management to maintain their acidic character.
Liming is only required to neutralise leachable acidity and the liming rate should be modified to ensure that
the pH of soils remains in the moderately acidic range in an effort to limit any change in conditions at the site
from the original background levels, as the ecosystems are adapted to these conditions.

10.2 Groundwater

It is likely that the groundwater composition at the mine site reflects the composition of the soils into which
the monitoring bore was constructed. A review of the bore logs for the construction of the groundwater wells
did not indicate a substantial variability on soil types and thus did not provide an answer to the question of
why some bores, particularly GS10, have lower pH than others at the site. As discussed above, the role of
organic acidity should be further investigated at the site as organic acids may play a role in lowering the pH
of groundwater across the site. Organic acids may be leaching from trees and shrubs in the catchment area
and, therefore, there will be little correlation between groundwater pH and soil type for this type of acidity.

Nevertheless, generalisations can be made regarding the groundwater quality at the site over the nine year
monitoring period. Average pH over the license monitoring period (2003-2009) for all bores is 6.35 (SD 0.7)
and can therefore be considered generally constant. Alkalinity is variable with values recorded from <1 mg/L
to 240 mg/L. Sulfate concentrations were more variable with average values varying up to approximately
300% (166 (324) mg/L). Aluminium was recorded in two bores at levels in excess of the recommended
maximum of 1 mg/L and pH of groundwater has been recorded below pH 4. As a consequence, the
groundwater composition may be considered potentially toxic to some plant species that are not adapted to
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such conditions. This composition may not be a direct result of the mining activities, however, with the
limited background data available, regarding metal speciation, this cannot be ruled out unequivocally.

It should be noted that the water quality analyses were in some cases undertaken without calculating an
ionic balance. Also the pH readings were anomalous for a number of sampling events during operation;
lluka has indicated that the contractor’'s pH meter wasn’t working in some instances.

To better assess the risk of acidification the source of acidity in any of the low pH water should be further
investigated. If the total acidity of any sample collected were to be recorded in concert with a determination
of the methyl orange acidity field test, one would be able to assess the contribution of mineral acidity in the
sample. Following this assessment, one would be able to assess the likelihood of ASS oxidation being the
source of the lower pH values noted at some locations.

11.0 CONCEPTUAL SITE MODEL

The soil lithologies generally consist of the following units:
m Topsoil.

m Yellow Sand.

m Red Sand.

m Pale Grey Sand.

m  Gravelly Clay.

m Grey Clay.

m  Fine-coarse Alluvium.

m  Sandstone/Siltstone.

m Mudstone.

These units form a highly oxidised acidic weathered soil profile. The sandstone/siltstone (ferruginous
hardpan) which forms the base of the overburden profile is also considered to be the main lithology which
hosts the ore. The basal soils with their grey colouration may represent the base of the oxidised profile and
may bear reduced forms of iron within their matrix. Sulfate salts deposited within the soil profile contribute to
the soils acidity, together with the hydrolysis of the clays within the soil structure. The clay hydrolysis may
contribute to elevated iron and aluminium in the local ground and possibly surface waters. Furthermore, the
presence of black to grey mudstones indicate periods of anoxic deposition at the site and it is possible that
pyrite may be present in these mudstones as a consequence of these anoxic conditions and the presence of
iron and sulphate.

The area known as the central wetland may add to this acidity through the release of organic acids. Sulfides
may also be present in the peaty soils which are commonly found in wetland areas. During dewatering where
this peat may be allowed to dry out, the oxidation of this sulfide may produce sulfuric acid. When
groundwater levels return to their pre-dewatering levels this acid, may be dissolved in groundwater and could
potentially cause the mobilisation of metals and nutrients from surrounding soils.

Although the groundwater which flows through this soil profile is of varying composition, it can be generalised
as having sufficient alkalinity to buffer the acidity present in the soil profile. From a risk perspective, the risk
of metal mobilisation due to leaching of soils via acidic groundwater is therefore likely to be limited.

12.0 RECOMMENDATIONS

The following recommendations are made to improve the level of certainty regarding risk management for
Acid Sulfate Soils at the Gingin mine site:
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m The block model should be updated to include all boreholes that have been drilled across the site for all
stages of the project (groundwater well log details should also be included). This will aid in the
development of a sampling and analysis plan for future sampling of the soils at the site for closure
purposes.

m A review of the quality control and quality assurance data associated with all ground and surface water
data acquired to date should be undertaken. This will improve the confidence in the data already
acquired, and consequently monitoring periods may be reduced through the use of existing data.

m Field testing should consider the following:

= Include a test for total titratable acidity, using a suitable field kit, as part of the groundwater and
surface water licence monitoring programme. This test will provide an indication of the source of
the acidity in the groundwater with respect to its mineral or organic origin.

= Record whether water quality analysis are conducted on filtered (using a 0.45um filter as standard)
or unfiltered samples and whether metal samples are acidified. This is important to understand
metal speciation and toxicity and to ensure that correct sample preparation procedures were
implemented.

In order to provide detail