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EXECUTIVE SUMMARY

Minemakers Australia Pty Ltd (Minemakers) is planning to develop the Wonarah Phosphate
Project. Stage 1 involves the mining of direct ship ore (DSO) and is subject to a Bankable
Feasibility Study (BFS). Groundwater issues for the BFS relate to estimation of the water
demand, identification of a suitable water supply, assessment of the security of the supply
and impacts from pumping, assessment of other mining activities’ impacts upon the
groundwater environment, characterization of the groundwater environment and
groundwater quality, and development of an operating strategy.

A water balance for the Project, including supplies for construction, development and mining
estimated a maximum combined demand during the initial construction phase of 15 L/s,
rising to 67 L/s at the end of development. The demand during mining is predicted to be
between 32 and 60 L/s.

A field programme was completed during which four production bores were installed one
near Minemakers’ camp, one at Arruwurra and two north of Minemakers’ tenements. The
results of the programme included the following:

e Minor groundwater supplies were found within Minemakers’ tenements mostly in the
vicinity of the Arruwurra deposit.

e Good groundwater supplies were identified north of Minemakers’ tenements with
maximum bore yields of about 20 L/s.

e Groundwater quality is fresh to brackish with elevated concentrations of iron and
silica in the northern bores and at Arruwurra; boron was also high in the camp bore.

e Groundwater levels measured within the Main Zone and Arruwurra areas were
generally below the base of the ore zones, apart from a few minor occurrences that
are judged to be isolated.

It is planned to develop an initial supply for construction and development from five modest
yielding production bores within Minemakers tenements at Arruwurra. The longer term
supply will then be developed off Minemakers’ tenements to the north, comprising five high
yielding production bores. Both short and long-term supplies will make use of the recently
completed test production bores.

The combined yield from the five short-term Arruwurra production bores is estimated at
about 12.5 L/s, using standard methods.

A numerical model was developed to assess the longer term yield and impacts from the
production bores located off tenement. The model results indicate a combined pumping
rate of up to 75 L/s can be sustained over the 10 year mine life. Impacts from long-term
pumping are expected to be limited to possibly six existing third party users, located within a
10 km radius of the planned production bores. Minemakers has committed to providing an
alternative water supply should unacceptable impacts occur at these locations.

A groundwater level survey carried out at the Main Zone and Arruwurra show levels mostly
lie below the base of the ore. Dewatering requirements are therefore likely to be negligible,
possibly limited to localized sump pumping to manage short-term seepage inflows.

A risk assessment for the Project has identified a number of groundwater related risks.
However, all risks were ranked as Low, apart from the risk of groundwater supply failure
and unacceptable impacts upon the environment, which were rated as Moderate. The
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adequate mitigation of these risks can be achieved through effective control measures,
including adequate monitoring, provision of sufficient redundancy in the groundwater supply
and installation of additional suitably located bores if required.

The requirement for a suitable operating strategy has been identified which will be
presented under a separate cover in a standalone document. A monitoring schedule has
been provided that will form part of the strategy.
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GLOSSARY OF HYDROGEOLOGICAL TERMS

Aquifer A saturated geological unit that is permeable enough to
yield economic quantities of water.

Aquitard A geological unit that is permeable enough to transmit water
but not sufficient to yield economic quantities.

Aquiclude A geological unit that is impermeable, i.e. cannot transmit
water.
Confined Aquifer An aquifer bounded above and below by an aquiclude,

where the water level in the aquifer extends above the
aquifer top and is represented by a pressure head, i.e. the
aquifer is completely saturated.

Leaky Aquifer or Semi- An aquifer with upper and/or lower boundaries as an

Confined Aquifer aquitard, where the water level in the aquifer extends above
the aquifer top and is represented by a pressure head.
Pumping from the aquifer induces leakage from the
neighbouring aquitard units.

Unconfined or Watertable An aquifer that is bounded below by an aquiclude, but is not
Aquifer restricted on its upper boundary, which is represented by
the water table.

Hydraulic Conductivity (K) The volume of water that will flow in a unit time under a unit
hydraulic gradient through a unit area. Analogous to the

[Permeability] permeability with respect to fresh water (units commonly
m/d or m/s).

Transmissivity (T) The product of the hydraulic conductivity and the saturated

aquifer thickness (units commonly m%d/m or m?/d).

Specific Storage (Ss) The volume of water released from a unit volume of aquifer
under a unit decline in hydraulic head, assuming confined
aquifer conditions. Water is released because of
compaction of the aquifer under effective stress and
expansion of the water due to decreasing pressure (units
commonly m™).

Storativity (S) The volume of water released from a unit area of aquifer, i.e
the aquifer column, per unit decline in hydraulic head
(dimensionless parameter).

Specific Yield (S,) The volume of water released from an unconfined aquifer
per unit decline in the water table. The release of water is
mostly from aquifer draining. Contributions from aquifer
compaction are generally small. Analogous with effective
porosity (dimensionless parameter).

Terms referenced from Kruseman GP and deRidder NA (1994) 2™ edition, Analysis and
Evaluation of Pumping Test Data. ILRI Publication 47 The Netherlands.
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INTRODUCTION

1.0 INTRODUCTION

Minemakers Australia Pty Ltd (Minemakers) is planning to develop the Wonarah Phosphate
Project located south of the Barkly Highway, about 240 km east of Tennant Creek and 960
km southeast of Darwin in the Northern Territory (Figure 1).

The Project involves the mining of two phosphate deposits, known as Arruwurra and Main
Zone. The Project has an inferred JORC compliant resource estimated at 461 Mt at 18.8%
phosphate (P,Os) that will be developed over two discrete Stages. Stage 1 involves the
mining of direct ship ore (DSO). During Stage 1 the Project will comprise a number of open
pits, a treatment plant for ore crushing and screening, waste dumps, mine infrastructure and
mine camp.

Stage 2 of the Project, which will comprise the mining and beneficiation of lower grade ore,
is still being defined and lies outside the scope of the current studies for the Project.

Stage 1 will required a water supply for dust suppression, mining purposes and
potable/domestic use. Groundwater levels in the vicinity of the two deposits generally lie
below the expected base of the orebodies, therefore the requirement to manage
groundwater inflows during mining is expected to be minimal.

This report presents the results of hydrogeological and water supply investigations carried
out on behalf of Minemakers by Groundwater Resource Management Pty Ltd (GRM). The
investigations comprised:

e The development of a site water balance to estimate the water demand for the
Project during Stage 1.

e The identification and assessment of a groundwater supply to meet the anticipated
water demand, both in terms of quantity and quality.

e The assessment of the likely impacts upon the groundwater environment from
operation of the proposed groundwater supply, including effects upon
environmentally sensitive areas and existing groundwater users.

o The assessment of impacts from other mining activities, e.g. storage of mine waste
and disposal of waste water.

e The characterisation of the groundwater environment in the mining areas and in the
vicinity of the proposed groundwater supply to:

I.  confirm the expected low dewatering requirements in the planned pits;
ii. identify the main aquifers;
iii.  identify the main recharge and discharge zones.

e The assessment of groundwater quality in the mining areas and in the vicinity of the
proposed groundwater supply.

e The development of a groundwater operating strategy, which:

I. presents a schedule of production and monitoring bores, including the maximum
duty rate for each production bore;
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INTRODUCTION

identifies environmentally sensitive areas and existing third party groundwater
users in the vicinity of the proposed groundwater supply;

presents a suitable groundwater monitoring programme for the Project, both
during mining and after closure;

identifies review requirements, assessment criteria and reporting frequencies for
the groundwater monitoring data.
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BACKGROUND

2.0 BACKGROUND

2.1 Climate

The climate of much of the Barkly region is semi-arid, merging into an arid zone at the
southern limit and into a narrow sub-humid northern strip adjoining the Gulf of Carpentaria®.
The climate is monsoonal with well-defined wet and dry seasons, with nearly all rain falling
between November and March and the greatest incidence during January and February.
Light rains are sometimes received during the dry season, but the period between April and
September is frequently dry.

Although tropical cyclones may bring heavy rains to the Barkly region, they are erratic in
nature and occur relatively infrequently. Typically they track either from east to west or from
northwest to southeast. Disturbances following the former track usually develop in the Coral
Sea and enter the region after passing across the Cape York Peninsula; those following the
latter track usually arise in the Arafura Sea and enter the region after crossing Arnhem Land
or the Gulf of Carpentaria.

Day temperatures are high throughout the year, particularly in October, November and
December prior to the onset of the wet season. With the occurrence of wetter conditions
and slightly lower temperatures, humidity reaches its highest levels during January and

February.
Table 1: Rainfall and Evaporation Data

Mean Median Maximum Minimum Calculated
Month Rainfall Rainfall Rainfall Rainfall Evaporation

(mm)* (mm)* (mm)* (mm)* (mm)
January 85.6 61.5 273.6 5.0 313
February 82.9 65.3 270.6 0 254
March 46.1 32.5 312.0 0 258
April 134 0.0 156.2 0 240
May 9.5 0.0 127.8 0 206
June 9.0 0.0 102.6 0 164
July 3.9 0.0 46.5 0 180
August 2.2 0.0 83.9 0 221
September 4.2 0.0 66.9 0 276
October 14.2 8.1 101.3 0 340
November 26.7 15.7 118.0 0 324
December 61.9 39.3 430.6 0 338
Total 359.6 222.4 2090 5 3114

Note: * data for the Ranken River meteorological station

! Survey of the Barkly Region, Northern Territory and Queensland, 1947-48, C. S. Christian, L. C.
Noakes, R. A. Perry, R. O. Slatyer, G. A. Stewart, and D. M. Traves, Land Research Series No.3.
CSIRO, Melbourne 1954.
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BACKGROUND

Rainfall averages, maxima and minima for the Ranken River meteorological station
(Number 15026), located about 70 km to the east of the Project and considered the most
representative due to its proximity and record duration (GRM 2009), are presented in Table
1. Also presented in the table are the calculated mean monthly evaporation rates based on
measured values at Brunette Downs meteorological station (Number 15085) and
Camooweal meteorological station (Number 37010), located about 170 km northwest and
east of the Project respectively.

2.2 Mining Schedule and Project Timing

The timing for the Wonarah Project is based upon an initial production rate of 1 mtpa
increasing to 3 mtpa after approximately 1 year. The schedule is summarised below.

i) Construction for 1 mtpa production rate commencing in mid July 2010 and finishing
at the end of December 2010.

i) Pre-stripping at Arruwurra commencing early August 2010 and finishing at the end
of October 2010.

iii) Pre-stripping at the Main Zone commencing early August 2010 and finishing at the
end of December 2011.

iv) Construction for the 3 mtpa production rate commencing in March 2011 and
finishing at the end of December 2011.

2.3 Geology
2.3.1 Regional geology

The Wonarah Project is situated in the central western Georgina Basin, a large late
Proterozoic to early Palaeozoic basin that extends from northwestern Queensland through
much of the eastern Northern Territory.

Basement rocks in this part of the Georgina Basin comprise Mesoproterozoic sediments
and volcanics overlain by the Early Cambrian Peaker Piker Volcanics. A northeast-
southwest trending basement high comprising a mag-haematite rich basalt runs through the
Wonarah Project area.

The overlying Middle Cambrian sediments, which contain the phosphate mineralisation, are
divided into two basin-wide sequences.

e Sequence One comprises clastics, carbonates, organic shales and minor
phosphorites. In the vicinity of the Project, basement highs are flanked by onlapping
dolomitic rocks equivalent to the Thorntonia Limestone. An unconformity separates
this unit from the overlying Sequence Two rocks with remnants of the paleo-erosion
surface developing Karstic features in the carbonate sequences.

e Sequence Two is made up of shallow clastics, carbonates, grainstones, peritidal
phosphorites and phosphatic limestones. At Wonarah dolostone, mudstone and
phosphorite of the lower Middle Cambrian, Upper Gum Ridge Formation overlie
Sequence One rocks and basement highs. This formation contains major
phosphorite mineralisation and is host to the Arruwurra and Main Zone deposits.
This sequence is likely to be stratigraphically equivalent to the Beetle Creek
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BACKGROUND

Formation on the eastern Margin of the basin, which hosts Phosphate Hill and Lady
Annie-D-Tree phosphate deposits. The overlying Wonarah Beds comprise Middle
Cambrian mudstone, siltstone and dolostones.

Silcrete, ferricrete and calcrete regolith are extensively developed at the Project and large
areas are covered by aeolian sand.

2.3.2 Main Zone Geology

The basement lithology in the Main Zone area is dominantly basalt of the Peaker Piker
Volcanics. The top of the basalt is extremely weathered; and a ferruginous and
manganiferous duricrust is developed locally. Some dolomitic rocks of the Thorntonia
Limestone equivalent are present above the basalt at the southeastern extremity of the
Main Zone. Further to the east and the south the carbonate rocks are extensively exposed.

The overlying phosphate-bearing Upper Gum Ridge Formation is divided into four main
units: basal undifferentiated transitional sediments, chert breccia phosphorite, mudstone
phosphorite and convolute mudstone.

The Transition Unit is laterally continuous, 4 to 8 m thick and comprises clay-rich mudstone
and siltstone with minor phosphorite, dolomite, sandstone and basal epiclastics. The basal
Transitional Phosphorite is a laterally discontinuous high grade porcellinous phosphorite up
to 3 m thick developed throughout the eastern and southern part of the Main Zone.

The Chert Breccia Phosphorite forms a distinctive, laterally continuous horizon, 1 to 10 m
thick, and comprises yellow, grey or pink friable to indurated low to high grade phosphorite
with abundant dark grey chert. The chert content of the horizon averages 50% to 60%.

The Mudstone Phosphorite is the main phosphate-bearing unit at the Project and is
comprised of 1 to 10 m of yellow and pink mudstone phosphorite with trace to minor dark
grey chert. The mineralogy is dominated by (carbonate) fluorapatite.

The Convolute Mudstone is a 1 to 10 m thick unit of white, light grey and yellow clay rich
variably convolute mudstone with minor siltstone and fine sandstone interbeds. It generally
contains minor phosphate.

The Wonarah Beds form the hanging wall to the deposit, overlying the Convolute Mudstone,
and comprise mudstone and siltstone with minor chert. The Wonarah Beds thicken towards
the east and south away from the basement high that defines the western fringe of the
Main Zone. East and south of the Main Zone the hanging wall comprises dolomite and
dolostone.

The regolith is extensively developed throughout the Main Zone with silcrete and ferricrete
present in most drill-holes. Low silcrete ridges are prominent features. Colluvial and
alluvial deposits are common with extensive aeolian sands covering much of the regolith.

The phosphatic units thin and peter out towards the basement high which trends in a
northeast-southwest direction towards Arruwurra.

2.3.3 Arruwurra Geology

At Arruwurra the phosphate mineralisation occupies a broad northeast-southwest trending
shelf sloping gently to the southwest. The shelf drops away sharply at the western end and
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along the southeastern edge. Mineralisation outcrops in the northeast before petering out
against the basement high to the north.

The basement at Arruwurra comprises basalt of the Peaker Piker Volcanics. Thorntonia
Limestone equivalent dolomites and dolostones overlay the basalt along the southeastern
and southern margin of the deposit. An abrupt change in lithology and depth to basalt
basement indicates a probable fault which has thrown the deposit side upwards. A karst
surface is present on the dolomite.

The Upper Gum Ridge Formation at Arruwurra is different to the Main Zone. The Transition
Unit is thinner and less well developed. Generally the unit comprises 1 to 5 m of mudstone,
siltstone and phosphorite.

The laterally continuous chert breccia horizon is absent at Arruwurra. There appears to be
some chert-rich domains within the deposit, but chert is generally sparsely and patchily
distributed through the Arruwurra Phosphorite. The Phosphorite is white to yellow-brown in
colour and ranges from friable to indurated or porcellinous. Chert averages 10% to15% of
the Phosphaorite unit.

The Arruwurra Phosphorite is overlain by and, near surface, interdigitates with a limestone
carbonate unit in the northeastern part of the deposit. Outcropping high grade phosphorites
occur in this area. To the southwest the Aruwurra Phosphorite is overlain by the
Hangingwall Mudstone unit of the Wonarah Beds, which comprise siltstones and mudstones
with variable but minor chert. Towards the southwest this unit thickens and becomes
patchy but increasingly ferruginous.

Aeolian sand covers much of the area and is underlain by ferricrete, silcrete, and, above the
carbonate unit in the northeast, calcrete and black soil.

2.4 Hydrogeology

The main aquifers on the Barkly tableland comprise cavernous zones that are commonly
weathered and fractured, within calcareous units of the Wonarah Formation and
Camooweal Dolomite. These aquifers have been used to provide domestic and stock water
across the tableland for nearly a century. The majority of the existing bores have not been
test pumped preventing reliable estimates of aquifer yields. However, airlift rates of over 5
L/s are common and sometimes over 100 L/s (Read RE, 2007) have been reported.

The volcanic rocks, which form the basement at the Project, have generally low
permeability. Groundwater occurrence within the basement rocks is restricted to discrete
fractures and zones of higher weathering. Maximum flow rates from the fractures is likely to
be less than 5 L/s.

Groundwater recharge is predominantly from rainfall infiltration. Recharge from surface
water will occur locally in the vicinity of the major rivers and, after rainfall events, from minor
water courses and marshy areas. Rainfall recharge rates have been estimated from water
balance calculations at 4 mm/year and from chloride balance methods of between 1.5 and 5
mm/year.

Groundwater levels within Minemakers’ tenements are extremely variable, ranging from
about 25 to over 100 m bgl. The regional groundwater flow regime is poorly understood.
Estimates by NRETAS (Tickel, 2003) suggest there may be a north south groundwater
divide along latitude 20S, with groundwater south of this parallel flowing to the southeast
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and from the northern catchment to the north east towards and discharging to the Gregory
River.

Groundwater quality over the tableland is generally fresh to brackish, ranging from 500 to
4,000 mg/L Total Dissolved Solids (TDS).

25 Other Groundwater Users and Groundwater Sensitive Areas

The locations of other groundwater users within and north of Minemakers’ tenements were
sourced from the NRDB1 database managed by NRETAS. The locations of the third party
bores are shown on Figure 2, along with the four production bores completed for
Minemakers as part of this investigation (Section 3.1.2).

Figure 2 shows the following:

e Ten pre-existing bores lie within the tenement areas, all located either along or north
of the Barkly Highway. All seven bores were installed by the Northern Territory
Government for construction and/or maintenance of the highway.

e Six pre-existing holes lie within a 10 km radius of the two Minemakers’ northern
production bores (WNWBO003 and 004). All the bores were installed by Dalmore
Downs Station for stock watering purposes.

Details of the 16 third party bores located within Minemakers’ tenements and within 10 km
of the two northern Project production bores are presented in Table 2.

Two environmentally sensitive areas that could be affected by groundwater extraction were
identified by Coffey Environmental, sourced from Geoscience Australia. The sensitive
areas comprise two marshes, Kerringnew Swamp located about 10 km north east of
WNWBO003 and Oolgoolgam Swamp located about 37 km east of bores WNWBO003 and
004.

Kerringnew Swamp was visited and an environment monitoring bore (WNEMOO1) installed
during the field programme (Section 3.1.2). At the time of the site visit there was no
evidence of surface water, although the vegetation suggested inundation may occur after
rainfall events. The monitoring bore (completed to 18 m depth) was dry during subsequent
visits. These conditions suggest the marsh is an ephemeral surface water feature and not
related to groundwater. It would therefore not be expected to be influenced by changes in
the underlying groundwater level.

Oolgoolgam Swamp was not visited because of it's distance from the northern bores.
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Table 2: Third Party Bores

W Bore Name o | Dt | S e RS status Use oo |
RNOO0031 | 4A-132 Barkly Hwy 92.9 ND 92.9 636,226 7,801,919 ND Not Known 69.1 0.39
RNO00301 | 3A-128 Mile Barkly Hwy 60.9 ND 60.9 641,726 7,798,919 Not in use None ND ND
RNO0O00302 | 2A-128 Mile Barkly Hwy NDO ND ND 641,726 7,798,919 Not in use None ND ND
RNO0O00370 | 1A-124 Mile Barkly Hwy OND ND ND 646,126 7,794,869 Not in use Not Known ND ND
RNO001237 | No 2 Eagles Nest, Dalmore Downs Stn 81.7 1950 81.7 643,850 7,818,572 ND Production 515 2.6
RNO001238 | No 3 Blue Bush, Dalmore Downs Stn 88 1951 88 634,207 7,815,614 ND Production 46.3 2.6
RNO001778 | Wonarah repeater station, Barkly Hwy 111.5 1958 111.5 640,212 7,799,448 ND Production 53.9 0.68
RNO004087 | No 11 Alroy Downs 71 1963 71 634,526 7,825,369 ND Production 56 2.86
RNO06751 | No 11 Dalmore Downs Stn 94.5 1970 945 634,571 7,825,132 ND Production 52 3
RN020gg7 | 31 Barry Caves West, Daimore ND | 1981 | 200 | 648937 | 7,792,271 ND Not Known ND 0.4
RN020gog | 32 Barry Caves West, Daimore 125 | 1981 | 125 | 646,026 | 7,794,669 ND Not Known ND 0.25
RN021238 | 81/3 Barkly Hwy Barry Caves West 145 1981 145 653,526 7,792,769 ND Not Known 63 0.38
RNO021239 | 81/4 Barkly Hwy Barry Caves West 76 1981 76 652,227 7,795,886 Not in use Not Known ND ND
RNO021245 | 81/5 Barkly Hwy Barry Caves West 134 1981 134 640,230 7,799,600 ND Not Known 109.8 1.9
RNO025678 | No 10A 88/37 Dalmore 140 1988 140 645,306 7,825,367 ND Production 100 5
RNO025874 | No 10 Dalmore Downs Stn 135.6 1971 135.6 645,320 7,825,391 ND Production 68.6 14

Note: RN number relates to the identifier used in the NRDB1 database, SWL = static water level, mbgl = metres below ground level, ND = no data available.
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2.6 Previous Investigations

Previous groundwater investigations carried out in the vicinity of the Wonarah Project were
conducted by the Northern Territory Government and Coffey Mining Pty Ltd and included:

o early field investigations carried out by Randall in 1967;

e a regional field programme carried out north and east of the Project for the
Department of Lands, Planning and Environment (Territory Groundwater Services,
1998), which comprised the drilling and geophysical logging of 13 bores and the test
pumping of nine pre-existing stock and domestic bores;

e a desktop study into the hydrogeology of the Avon Downs and Ranken 1:250,000
Geological Sheets carried out by the Department of Infrastructure, Planning and
Environment (2003);

e an assessment of the water resources of the Arruwurru, Wakaya and Warramunga
aboriginal land trusts carried out by the Department of Natural Resources,
Environment and the Arts (2007), which included the drilling of five holes near the
eastern boundary of Minemakers’ tenements;

a desktop investigation carried out by Coffey Mining for Minemakers.

The desktop study carried out by Coffey Mining identified eight Groundwater Exploration
Areas (GEAs), comprising GEA1 to GEA7 and Arruwurra, based on historic drilling results,
geological interpretation, inferred recharge areas and proximity to the mining area and
Barkly Highway. Recommendations from the study included the air-flown geophysical
survey of the eight GEAs. The survey was subsequently carried out by Fugro Airborne
Surveys and comprised magnetic and electromagnetic surveys. The datasets were
processed to provide the following results: total magnetic field, calculated magnetic gradient
and apparent conductivity at five frequencies (400, 1800, 8200, 40,000 and 140,000 Hz).

2.7 Reqgulatory Issues

Groundwater exploration drilling within tenements held by Minemakers is permitted under a
Memorandum of Understanding between the Water and Mining Acts. The memorandum
states that a mining company is free to drill for groundwater within their mining tenements
where the water is to be used for mining related purposes, e.g. dust suppression,
processing and dewatering. However, the construction of a production bore for supply of
water to mine personnel must still be undertaken by a water bore driller holding a Northern
Territory water bore drillers licence.

The water exploration drilling and bore construction carried out north of Minemakers’
tenements was carried out under Ministerial Approval provided under Section 182(2) of the
Mining Act. A copy of the approval letter is presented in Appendix A.

The drilling of the four Minemakers’ production bores completed as part of these
investigations (Section 3.1.2) was supervised by suitably licensed water bore drillers.
Details of the drilling supervisors are summarised below.

e Production bores WNWBO001 and 002 were supervised by Mr Gregory Scott, licence
number 23.
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e Production bores WNWB003 and 004 were supervised by Mr Dean Johnston,
licence number 80.
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3.0 FIELD INVESTIGATIONS

Field investigations overseen by GRM at the Project comprised three phases of drilling and
a programme of test pumping. The first two drilling phases were restricted to tenements
held by Minemakers. The third programme targeted an area north of Minemakers’
tenements, which had been identified from the historical drilling record as being prospective
in terms of groundwater supply.

The first two drilling phases were carried out by Tom Browne Drilling Services using various
reverse circulation drilling rigs. The last phase was completed by Gorey and Cole and
direct circulation air-hammer methods. All drilling was overseen by a GRM hydrogeologist,
who was responsible for site selection, arranging access and recording of drilling, geological
and hydrogeological data. During the programme care was taken to note air-loss to the
formation, especially when associated with intersection of cavities.

3.1 Drilling and Bore Construction

Information on the three drilling phases is summarised below.

o Drilling Phase 1 was undertaken between 23 February and 12 April 2009 and
comprised the drilling of 28 exploration holes.

o Drilling Phase 2 was undertaken between 19 April and 7 June 2009 and comprised
the drilling of 40 exploration holes and the reaming and construction of two
production bores.

e Drilling Phase 3 was undertaken between 20 August and 2 September 2009 and
comprised the drilling of eight exploration holes, two of which were reamed and
constructed as production bores and the remaining six constructed as
monitoring/observation bores.

During the drilling programme 76 exploration holes were drilled. Four of the exploration
holes were reamed out and completed as production bores and six completed as
monitoring/ observation bores.

The first two phases of drilling, confined to tenements held by Minemakers, targeted
lineaments identified from the air-flown magnetic survey data and, to a lesser extent, the air-
flown EM survey data. Lineaments identified from the air-flown magnetic data relate to
magnetic contrasts in the basement rocks, commonly geological structures and lithological
contacts, while lineaments interpreted from the EM data reflect changes in the subsurface
electrical properties.

As a general rule the air-flown magnetic survey data provided a greater contrast in ground
properties, enabling better interpretation of lineaments in the eight surveyed areas. The EM
survey data was used to identify a lineament in GEAS5, but in the remaining survey areas the
air-flown magnetic data was considered more appropriate.

Regional air-flown magnetic survey data was also sourced from the Geoscience Australia
online database. However the low resolution of the survey limited the use of the data during
the groundwater search, although a reasonable correlation was noted between the high
resolution Fugro and the low resolution regional surveys.
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3.1.1 Exploration drilling results

Of the 76 holes 68 were drilled on tenements held by Minemakers, 39 at Arruwurra, three in
GEA2, eight in GEA3, four in both GEA4 and GEADS, five in GEA6 and five in the camp area.
The remaining eight holes were drilled north of Minemakers’ tenements.

A summary of the exploration drilling results is presented in Table 3 and the hole locations
shown in Figure 3. Graphical bore logs presenting the geological, hydrogeological and bore
construction data are presented in Appendix B.

Tenement area drilling results

The results from the holes drilled on tenements held by Minemakers showed that the basin
sediments are generally limited in thickness in the Project area, with most completed drill-
holes penetrating through to the underlying basaltic basement. A maximum basement
depth of 164 m was recorded, although the majority of drill-holes intersected basalt well
above 150 m.

Within the tenements groundwater was generally intersected in fractured basement rocks,
with only low airlift yields. Cavities within dolomite were identified in about 20 drill-holes, but
these were commonly dry or had minimal inflow rates. The poor results were due to the
location of the cavities near surface (i.e. above or near the water table) and/or because of
infilling with regolith (clay and silt etc).

The most promising results within the tenements were identified at Arruwurra, which
comprised the following intersects:

e Dril-holes WNWEO005, 012, 018, 019, 052 (converted to production bore
WNWB002) and 061; which targeted a major air-magnetic lineament trending
approximately north-south (Figure 4). Airlift rates associated with this lineament
were generally around 1 to 2 L/s, with a peak flow of 4.5 L/s at hole WNWEOQO05.

e Drill-hole WNWEO57 which airlifted 1.5 L/s from fractured basement.

e Dirill-hole WE061 and 062 which airlifted around 1.5 L/s from cavities in weathered
dolomite.

Significant airlift rates (greater than 1 L/s) were also observed in GEA2 at drill-holes
WNWEO13 and 015, located near the southern boundary of Minemakers’ tenements, and
adjacent to the Minemakers’ camp (WNWEO001 and WNWEOQ051). Groundwater at GEA2
was intersected in fractured quartz and chert at depth, which is consistent with the
deepening of the Georgina Basin to the south of the Project area. Although the airlift rates
from holes in GEA2 were promising it was noted that the water was highly turbid and
construction of a usable production bore at the tested locations would be problematic.

The groundwater intersects near the camp were related to discrete fractures in the basalt
basement rocks. Exploration hole WNWEO051 was subsequently converted into a
production bore (WNWBO001) and used to supply water to Minemakers’ camp.

A potential groundwater source was also identified in GEA5 where cavities were intersected
at depth in drill-holes WNWEOQ049 and 050. Although airlift yields were low, the loss of
circulation indicates higher permeabilities at these locations.
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The locations of the 68 holes drilled on Minemakers’ tenements are presented in Figure 4
(Arruwurra, GEA2 and GEAS5) and Figure 5 (GEA3, GEA4, GEA6 and the camp area).
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Table 3: Summary of Exploration Drilling Results

Collar Location Depth | Max Yield Final EC Inflow Depths Date
MGA Zn 53 i i
Hole ID Dip | Azimuth (m) (Lls) (mS/cm) (m) Inflow Feature Completed GEA
(mE) (mN)
WNWEO001 | 652,971 | 7,789,602 | 60 90 162 1.2 13 78-96, 132-138 | Fractured basalt | 28/02/09 | Camp Area
WNWEO002 | 653,043 | 7,789,596 | 60 20 150 Trace 1.3 90-102 Fractured basalt 27/02/09 Camp Area
WNWEO003 | 652,893 | 7,789,600 | 60 90 150 Trace 1.3 96-102 Fractured basalt 1/03/09 Camp Area
84-90, 96-102,
WNWEO004 | 653,114 | 7,789,600 | 60 270 132 1 1.1 108-114, 129- Fractured basalt 4/03/09 Camp Area
132
WNWEQ005 | 642,549 | 7,777,102 | 60 313 132 45 2 108-114 Fractured basalt 6/03/09 Arruwurra
WNWEO06 639,122 | 7,773,122 60 316 156 Trace NA NA NA 7/03/09 Arruwurra
WNWEO007 | 639,170 | 7,773,071 | 60 316 150 Trace NA NA NA 8/03/09 Arruwurra
WNWEO008 | 639,068 | 7,773,176 | 60 316 150 0.2 1.2 10?’35?;&132’ Fractured basalt 10/03/09 Arruwurra
WNWEO009 | 639,015 | 7,773,230 | 60 316 144 Trace NA NA NA 10/03/09 Arruwurra
WNWEO010 | 642,605 | 7,777,048 | 60 313 156 Trace NA NA NA 12/03/09 Arruwurra
WNWEO11 | 642,440 | 7,777,200 | 60 313 144 2 2 129'113401' 135 | Fractured basalt | 13/03/09 | Arruwurra
WNWEO12 | 642,495 | 7,777,149 | 60 313 120 1.3 1.9 91-96 Fractured basalt 14/03/09 Arruwurra
WNWEO013 | 636,070 | 7,767,130 | 60 305 150 2 1.4 90-96, 108-114 FraCtuéeghg‘r‘tartz'te 16/03/09 GEA2
WNWEO014 | 636,133 | 7,767,089 | 60 305 150 1 1.4 96-108 FraCtugteC‘jhg‘r‘tartz'te 17/03/09 GEA2
WNWEO015 | 636,196 | 7,767,048 | 60 305 156 2 1.4 84-102 Fractured siltstone, |, 4/nq GEA2
quartzite & chert
WNWEO016 | 641,250 | 7,775,183 | 60 270 150 05 4.1 100-102, 111 Fractured basalt | 23/03/09 Arruwurra
WNWEO017 641,335 | 7,775,188 60 270 156 Trace 4.3 NA NA 24/03/09 Arruwurra
WNWEO018 | 641,175 | 7,775,189 | 60 270 150 1.8 3 04-108, 120-126 | Fractured basalt | 25/03/09 Arruwurra
OUNDWATER
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Collar Location . . Depth | Max Yield Final EC Inflow Depths Date
Hole ID MGA Zn 53 Dip | Azimuth (m) (Lis) (mS/cm) (m) Inflow Feature Completed GEA
(mE) (mN)
96-114, 120- Fractured and
WNWEO019 | 641,095 | 7,775,171 | 60 270 156 1.9 3 126, 132-138, 27/03/09 Arruwurra
144-150 weathered basalt
WNWEO020 | 660,111 | 7,788,268 | 60 216 150 Trace NA NA NA 30/03/09 GEA4
WNWEO021 | 660,151 | 7,788,322 | 60 216 150 Dry NA NA NA 31/03/09 GEA4
WNWEQ022 | 660,196 | 7,788,379 | 60 216 156 Trace NA NA NA 1/04/09 GEA4
WNWEO023 | 660,237 | 7,788,444 | 60 216 144 Trace NA NA NA 2/04/09 GEA4
WNWEQ024 | 664,344 | 7,779,305 | 60 329 174 Trace NA NA NA 4/04/09 GEAG6
WNWEQ025 | 664,371 | 7,779,250 | 90 NA 157 Trace NA NA NA 8/04/09 GEAG6
WNWEQ026 | 664,264 | 7,779,421 | 90 NA 151 Trace NA NA NA 9/04/09 GEAG6
WNWEQ27 | 664,431 | 7,779,154 | 90 NA 175 Trace NA NA NA 10/04/09 GEAG6
WNWEO028 | 664,482 | 7,779,072 | 90 NA 104 Dry NA NA NA 10/04/09 GEA6
WNWEQ029 | 641,396 | 7,773,090 | 60 300 156 1 3.4 117, 132-138 Fractured basalt 20/04/09 Arruwurra
WNWEO030 | 641,335 | 7,773,132 | 60 300 156 1 3.2 138-156 Fractured basalt 21/04/09 Arruwurra
WNWEO031 | 641,463 | 7,773,057 | 60 300 150 0.6 2 102'110286 114- Fractured basalt 22/04/09 Arruwurra
WNWEO032 | 641,269 | 7,773,169 | 60 300 150 0.2 NA 114 Fractured basalt 23/04/09 Arruwurra
WNWEO033 | 641,407 | 7,773,784 | 60 270 150 0.2 NA 132 Fractured basalt 24/04/09 Arruwurra
WNWEO034 | 641,264 | 7,773,786 | 60 270 150 15 3.3 102-108 Fractured basalt 24/04/09 Arruwurra
WNWEO035 | 641,190 | 7,773,786 | 60 270 150 0.2 3.2 108 Fractured basalt 25/04/09 Arruwurra
WNWEO036 | 641,333 | 7,773,783 | 60 270 150 0.3 3.2 120 Fractured basalt 26/04/09 Arruwurra
WNWEO037 | 641,111 | 7,773,784 | 60 270 150 Trace NA NA NA 27/04/09 Arruwurra
WNWEO038 | 641,486 | 7,773,788 | 60 270 150 1 1.6 126-132 Fractured basalt 28/04/09 Arruwurra
WNWEO039 | 649,800 | 7,794,500 | 60 270 150 Dry NA NA NA 1/05/09 GEA3
WNWEO040 | 649,875 | 7,794,500 | 60 270 150 Dry NA NA NA 2/05/09 GEA3
WNWEO041 | 649,725 | 7,794,500 | 60 270 150 Trace NA NA NA 2/05/09 GEA3
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Collar Location Depth | Max Yield Final EC Inflow Depths Date
MGA Zn 53 i i
Hole ID Dip | Azimuth (m) (Lls) (mSlcm) (m) Inflow Feature Completed GEA
(mE) (mN)
WNWE042 | 649,588 | 7,793,757 | 60 315 150 Dry NA NA NA 3/05/09 GEA3
WNWEO043 | 649,642 | 7,793,705 | 60 315 156 1.3 2.4 137, 138-144 Fractured and 3/05/09 GEA3
weathered basalt
WNWEO044 | 649,695 | 7,793,652 | 60 315 150 Trace NA NA NA 4/05/09 GEA3
WNWEO045 | 649,802 | 7,793,547 | 60 315 150 0.3 1.8 130-132 Fractured basalt 5/05/09 GEA3
WNWEO046 | 649,855 | 7,793,494 | 60 315 150 Trace NA NA NA 5/05/09 GEA3
WNWEO047 | 647,285 | 7,771,890 | 90 0 133 Trace 1.9 NA NA 7/05/09 GEAS5
WNWE048 | 647,327 | 7,771,952 | 90 0 139 Trace NA NA NA 8/05/09 GEAS5
75.82 87-89 Cavity in dolomite
WNWEO049 | 647,368 | 7,772,015 | 90 0 151 1 15 oo and fractured 9/05/09 GEAS5
siltstone & basalt
WNWEO50 | 647,410 | 7,772,077 | 90 0 133 Trace 15 77-79 Cavity in dolomite | 9/05/09 GEAS5
WNWB001
(WNWEO51) 653,043 | 7,789,600 | 90 0 150 1 92-93 Fractured basalt 9/05/09 Camp Area
WNWB002 109.5-110, 111,
(WNWEO52) 642,520 | 7,777,128 90 0 150 2.5 2.1 125 Fractured basalt 9/05/09 Arruwurra
WNWEO053 | 642,188 | 7,775,163 | 90 0 133 Trace 1.8 NA NA 25/05/09 Arruwurra
WNWEO54 | 642,257 | 7,775,171 | 90 0 150 Trace NA NA NA 26/05/09 Arruwurra
WNWEO55 | 642,340 | 7,775,165 | 90 0 150 Trace NA NA NA 27/05/09 Arruwurra
WNWEOQ056 | 642,407 | 7,775,161 | 90 0 150 0.2 2 77 Cavity in dolomite 28/05/09 Arruwurra
WNWEO57 | 642,094 | 7,775159 | 90 0 150 15 17 117, 132-138, Fractured 20/05/09 | Arruwurra
144-150 granodiorite
WNWEO058 | 643,389 | 7,775,162 | 90 0 60 Dry NA NA NA 30/05/09 Arruwurra
WNWEO059 | 643,393 | 7,775,165 | 90 0 150 0.2 2.1 84-90 V\é%"f‘gr‘ﬁl;gd 31/05/09 Arruwurra
GROUNDWATER
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Collar Location Depth | Max Yield Final EC Inflow Depths Date
MGA Zn 53 i i
Hole ID Dip | Azimuth (m) (Lls) (mSlcm) (m) Inflow Feature Completed GEA
(mE) (mN)
Cavity &
WNWEO060 | 643,506 | 7,775,154 90 0 150 1.3 1.8 60-75 weathered 1/06/09 Arruwurra
dolomite
Cavity &
WNWEO061 | 643,579 | 7,775,151 90 0 150 1.4 1.8 69-74 weathered 2/06/09 Arruwurra
dolomite
WNWEO062 643,661 | 7,775,158 90 0 120 Trace NA NA NA 3/06/09 Arruwurra
WNWEO063 | 643,661 | 7,775,156 90 0 150 Trace NA NA NA 4/06/09 Arruwurra
WNWEO064 | 643,868 | 7,775,152 90 0 150 Trace 1.7 NA NA 4/06/09 Arruwurra
WNWEO065 | 643,959 | 7,775,156 90 0 150 Trace 1.7 NA NA 5/05/09 Arruwurra
WNWEO066 | 644,056 | 7,775,158 90 0 150 Trace 1.7 NA NA 6/05/09 Arruwurra
WNWEO067 | 641,404 | 7,775,194 60 270 150 Trace NA NA NA 6/06/09 Arruwurra
WNWEO068 | 641,473 | 7,775,198 | 60 270 150 2 4.5 126-144 Frac;g:gﬁy‘ﬂ;anz 7/06/09 Arruwurra
WNMBO001 Fractured/ Northern off
643,262 | 7,822,237 90 0 126 >6 2.9 62, 114-126 weathered 22/08/09 tenement
(WNWEO069) .
dolomite area
WNWB003 Cavity & fractured/ Northern off
643,257 | 7,822,227 90 0 126 >8 25 78, 106-126 weathered 24/08/09 tenement
(WNWEQ70) X
dolomite area
WNMB002 Fractured/ Northern off
643,269 | 7,822,277 90 0 120 6 2.6 60, 108-120 weathered 26/08/09 tenement
(WNWEQ71) X
dolomite area
WNMBO003 Cavity & fractured/ Northern off
640,896 | 7,817,696 90 0 126 5 2.5 90, 108-120 weathered 27/08/09 tenement
(WNWEQ72) X
dolomite area
WNWB004 Cavity & fractured/ Northern off
640,889 | 7,817,697 90 0 126 >10 2.2 80, 96-126 weathered 28/08/09 tenement
(WNWEOQ73) d X
olomite area
GROUNDWATER
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Collar Location Depth | Max Yield Final EC Inflow Depths Date
MGA Zn 53 i i
Hole ID Dip | Azimuth (m) (Lls) (mSlcm) (m) Inflow Feature Completed GEA
(mE) (mN)
WNMBO004 Fractured/ Northern off
640,937 | 7,817,691 | 90 0 126 6 2.2 90-96, 108-126 weathered 30/08/09 tenement
(WNWEOQ74) d .
olomite area
WNMBO0O05 Fractured/ Northern off
651,036 | 7,824,275 | 90 0 150 5 2.7 137-150 weathered 31/08/09 tenement
(WNWEOQ75) d X
olomite area
Northern off
WNEMO001
(WNWEO76) 651,088 | 7,826,194 | 90 0 18 Dry NA NA NA 31/08/09 ter;e;?;nt

Note: the maximum airlift yield relates to rates measured during drilling, NA = not applicable.

'ROUNI >WATER
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Northern off-tenement drilling results

Eight holes were drilled north of Minemakers’ tenements permitted under Ministerial
Approval (Section 2.6). The drill-hole sites were selected in an area known to be
prospective in terms of groundwater supply, based upon drilling records held by the
Northern Territory Government and available from the online NRETAS database. The
historical record shows groundwater is commonly intersected at depths greater than 100 m
in weathered and cavernous dolomite. In selecting the sites care was taken to avoid
environmentally sensitive areas and, so far as practicable, other groundwater users
(Section 2.5).

Initially five possible bore sites were selected with the aim of installing two production bores
that could be used to assess aquifer parameters and for subsequent groundwater flow
modelling. However high airlift yields were intersected at the first two sites and it was
decided to install the two production bores at these locations. Two monitoring/observation
bores were also installed at each site, located at radial distances of approximately 10 and
50 m from the production bore.

Drilling at the two production bore sites identified an aquifer within cavernous, fractured and
weathered dolomite. The top of the aquifer was intersected at about 100 m depth at both
locations. All the drill-holes were terminated early without fully penetrating the aquifer,
because of poor ground conditions and loss of circulation. It is therefore likely the aquifer
extends beyond the 25 to 30 m intersected during drilling.

A third site (WNWEQ75, completed as monitoring bore WNMBO005) was also drilled to
confirm the lateral extent of the dolomite aquifer. Similar groundwater conditions were
observed during drilling, although the top of the aquifer was intersected at 137 m depth.

Airlift rates varied from about 5 to greater than 10 L/s. Loss of circulation was generally
observed in the lowest yielding holes and it is likely the recorded airlift rates underestimated
the maximum potential groundwater supply.

An environmental monitoring bore (WNWEOQ76), completed as monitoring bore WNEMOO1,
was drilled at the Kerringnew Swamp about 9 km east north-east of production bore
WNWBO003, to investigate groundwater level depths. The bore was drilled dry to 18 m
depth. Later attempts to measure groundwater levels in the bore show the bore to be dry.

The locations of the holes drilled north of Minemakers’ tenements are shown in Figure 6.
3.1.2 Production and monitoring bore construction

Schedules for the four production bores and six monitoring bores are presented in Tables 4
and 5 respectively.

JO080028R01 -19 -
October 2009

RESOURCE MANAGEMENT



FIELD INVESTIGATIONS

Table 4: Production Bore Schedule

Collar Location Depth Cased Slotted
MGA Zn 53 =P . Stick-up SWL Max Yield Final EC
Bore ID Drilled Depth Casing Type Interval (magl) (mbtc) SWL Date (L/s) (mS/cm)
(mE) (mN) (m) (m) (mbgl)
WNWBO001 | 653,043 | 7,789,600 | 150 124.7 155mga’;'59“'°vc 64.7-124.7 0.1 55.62 | 23/05/2009 15 1.6
WNWBO002 | 642,520 | 7,777,128 | 150 125.4 155”‘&‘&'25;'3\/0 65.4-125.4 0.1 2458 | 19/05/2009 3 2.1
155.6mm
WNWBO003 | 643,257 | 7,822,227 | 126 122 ID/168.3mm OD 98-122 0.4 50.86 | 24/08/2009 >8 25
Steel
155.6mm
WNWBO004 | 640,889 | 7,817,697 | 126 102 ID/168.3mm OD 102-126 0.5 48.64 | 28/08/2009 5 2.2
Steel

Note: the maximum airlift yield relates to rates measured during development, mbgl= metres below ground level, magl = metres above ground level, SWL = static water level, mbtc =
metres below top of casing.
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Table 5: Monitoring Bore Schedule

Collar Location MGA Zn Depth Cased Slotted
53 =P . Stick-up | SWL Max Yield | Final EC
Bore ID Drilled Depth Casing Type Interval SWL Date
(m) m) (mbgl) (magl) (mbtc) (L/s) (mS/cm)
(mE) (mN)
WNMBOOL1 | 643262 | 7.822.237 | 126 118 50er”|2‘52 SPVC 64-118 06 50.85 | 23/08/2009 >6 29
WNMB002 | 643269 | 7.822277 | 120 101 5°mrg|;\'52 ‘SPVC 47-101 06 5091 | 28/08/2009 6 26
WNMB003 | 640,896 | 7.817.696 | 126 101 50mrg|;\'82 ‘;PVC 47-101 0.6 48.73 | 29/08/2009 5 25
WNMBO004 | 640,937 | 7,817,691 | 126 126 50mg|;\|82 ‘;PVC 66-126 08 48.7 | 30/08/2009 6 22
WNMBOO5 | 651,036 | 7.824.275 | 150 150 50mg|;\|82 ‘;PVC 108-150 05 64.55 | 31/08/2009 5 27
WNEMOOL | 651,088 | 7,826,194 18 18 50mg|2|52 ‘;PVC 2-18 05 Dry | 31/08/2009 Dry NA

Note: the maximum airlift yield relates to rates measured during development, mbgl= metres below ground level, magl = metres above ground level, SWL = static water level, mbtc =
metres below top of casing.

' ROUND
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The two production bores completed by Tom Browne Drilling Services within Minemakers’
tenements (WNWBO0O01 and 002) were constructed using 155 mm nominal diameter (ND)
uPVC casing with an annular formation stabiliser.

The two production bores constructed by Gorey and Cole north of Minemakers tenements
(WNWBO003 and 004) were completed using schedule 20, 150 mm steel casing. Formation
stabiliser was not used to construct the two northern bores, which reduced reaming
diameters from 250 mm to 200 mm and also reduced well loss during pumping.

All monitoring bores were constructed using 50 mm ND uPVC casing. Bore locations are

shown on Figure 4 (Arruwurra, GEA2 and GEAD), Figure 5 (GEA3, GEA4, GEAG6 and the
camp area) and Figure 6 (northern off tenement area).

3.2 Test Pumping

Test pumping was carried out on three of the four production bores by McMinns Bore
Services between 3 and 13 September 2009. The two higher yielding bores (WNWBO003
and 004) were tested using a Southern Cross SC50-10 15kW 6 inch electrical submersible
pump with a capacity of about 13 L/s at 80 m head. The lower flow bore (WNWBO002) was
tested using a Southern Cross SC8-15 2.2kW 4 inch submersible pump with a capacity of
about 2.2 L/s at 60 m head.

Bore WNWBO001 was not tested, because of its low yield and current use as the water
supply bore for the Minemakers’ camp. It should be noted that the bore has been operated
continuously since May 2009.

Testing comprised both step and 48-hour constant rate tests. The step test was used to
identify a suitable rate for the constant rate test and is not reported here. The pumping and
drawdown data for the constant rate test were used to estimate aquifer properties of
storativity and transmissivity, using standard analytical methods. The drawdown curves
were also assessed to identify aquifer boundary conditions and aquifer type (unconfined,
confined and leaky).

The results of the constant rate test are presented in Table 6 and the analysis shown in
Appendix C. The results show the following:

e A modest aquifer transmissivity at WNWB002 of about 15 m?/d, with an unconfined
response. The results are consistent with a moderately low yielding production
bore.

e Very high transmissivities at WNWBO003 during early time, but an increase in the
drawdown rate after about 2,000 minutes (1.4 days) indicating a lower transmissivity
boundary condition. Late time data still indicate good transmissivities in the order of
350 to 500 m?/d consistent with a short-term duty rate of between 15 and 20 L/s.

e High transmissivities at WNWB004 of between 700 and 900 m?/d consistent with a
short-term duty rate of between 15 and 20 L/s.
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Table 6: Summary of Test Pumping Results

Cooper-Jacob
. . Theis Radial Constant Final
Progg::etlon Mgglrteor .If_?r:g 'II:i?r:Z Eﬁ:g 1I:i?rt1i Recovery | Distance | Test Rate | Drawdown Description
T (m?/d) (m) (L/s) (m)
T (m?/d)
Unconfined response, curve matched to
WNWB002 | WNWBO002 15 NA 13 NA 2.5 12.91 late time data
Confined late and early time
WNWB003 | WNWBO003 1,100 340 NA 1500 NA 12 2.04 responses, barrier boundary after
2,000 minutes
4.00E- 4.00E- Confined late and early time
WNWB003 | WNMBO001 960 370 '05 '02 NA 11.2 12 1.27 responses, barrier boundary after
2,000 minutes
8.00E- 6.00E- Confined late and early time
WNWB003 | WNMB002 1700 500 '05 '03 NA 51.4 12 0.8 responses, barrier boundary after 200
minutes
WNWB004 | WNWB004 | 690 NA 370 NA 12 511 | Leakyresponse, curve mated to late
time data
WNWB004 | WNMB003 800 3.00E- 71 12 45 L_eaky response, curve mated to late
18 time data
WNWB004 | WNMB004 900 4.00E- 48.4 12 117 L_eaky response, curve mated to late
06 time data
Note: T = transmissivity, S = storativity, NA = not applicable.
GROUNDWATER
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3.3

3.3.1

Groundwater Level Surveys

Groundwater levels in mining areas

A groundwater level survey was carried out at Arruwurra and the Main Zone using the
resource drill-holes. The survey data were used to identify if the water table extends into
the ore zones and hence the likely dewatering requirements during mining.

A total of 51 holes were visited at the Main Zone and 29 holes at Arruwurra (Table 7 and
Figure 10). At both deposits the drill-holes were mostly dry. However, 14 of the holes at
the Main Zone and seven of the holes at Arruwurra did register a water level.

Measured groundwater levels at the Main Zone varied from 3.11 to 63.39 m bgl, but only
two of the holes had levels above 50 m depth. Both the holes with recorded shallow
groundwater levels were plumbed and found to be blocked just below the measured water
level. It is therefore almost certain the elevated levels in these holes are atypical and
probably reflect a shallow, isolated and perched groundwater body.

The remaining 12 wet holes at the Main Zone were further investigated to assess the
groundwater elevation with respect to the depth of mineralization and hence likely pit floor
level. The results of the assessment showed the ore zone in the 12 holes lie at least 3 m
below the measured groundwater level.

Similarly at Arruwurra 4 of the 7 wet holes were blocked just below the recorded
groundwater level, and the depth of the ore zone in one of the remaining 3 wet holes was
found to lie well below the measured water level. The two other wet holes did contain
appreciable groundwater depths, 6.2 m in WNRC202 and 8.12 m in WNRC209. The
reason for the anomalous levels is not known, but is expected to be localized.

The results show the water table at Arruwurra and the Main Zone lies below the base of the
ore bodies.

Table 7: Mineral Exploration Hole Water Level Measurements

Collar Location MGA Plumbed Sat. : Base of
Hole ID Zn 53 (r?]\évg;—l) Depth | Thickness Measgtr:m | Mineralisat'n Deposit

(mE) (mN) (m) (m) (mbgl)
WNRC470 658,249 7,790,496 3.11 4.86 1.75 7/04/09 NA Main Zone
WNRC871 655,507 7,791,628 25.17 26.6 1.43 14/09/09 NA Main Zone
WNRC678 654,253 7,791,486 50.82 52.4 1.58 14/09/09 49 Main Zone
WNRC795 654,252 7,788,000 51.17 51.17 0 14/09/09 43 Main Zone
WNRC604 651,757 7,790,755 52 53.5 15 14/09/09 45 Main Zone
WNRC663 653,750 7,791,252 52.45 54.5 2.05 14/09/09 NM Main Zone
WNRC796 654,500 7,787,379 52.98 57 4.02 14/09/09 45 Main Zone
WNRC672 654,241 7,789,999 53.88 55.5 1.62 14/09/09 45 Main Zone
WNRC656 653,492 7,790,493 54.08 55.4 1.32 14/09/09 NM Main Zone
WNRC684 653,500 7,786,629 55.15 55.15 0 14/09/09 42 Main Zone
WNRC869 655,501 7,791,128 56.65 59 2.35 14/09/09 48 Main Zone
WNRC901 655,999 7,792,871 58.83 62 3.17 14/09/09 NM Main Zone
WNRC926 656,749 7,792,123 60.67 62.5 1.83 14/09/09 50 Main Zone
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Collar Location MGA Plumbed Sat. : Base of
Hole ID Zn 53 (r?]\évgly_l) Depth | Thickness Measgtr:m | Mineralisat'n Deposit
(mE) (mN) (m) (m) (mbgl)

WNRC564 657,248 7,788,750 63.39 68.42 5.03 14/09/09 61 Main Zone
WNRC132 656,623 7,789,205 D 63 NA 7/04/09 NA Main Zone
WNRC143 656,629 7,790,674 D 69 NA 7/04/09 NA Main Zone
WNRC277 652,250 7,786,376 D 47.52 NA 14/09/09 NA Main Zone
WNRC313 655,003 7,789,501 D 554 NA 14/09/09 NA Main Zone
WNRC324 655,499 7,789,755 D 57.4 NA 14/09/09 NA Main Zone
WNRC354 651,000 7,786,752 D 42.1 NA 14/09/09 NA Main Zone
WNRC360 650,506 7,785,996 D 41.9 NA 14/09/09 NA Main Zone
WNRC385 650,998 7,787,750 D 455 NA 14/09/09 NA Main Zone
WNRC404 656,500 7,790,498 D 24 NA 14/09/09 NA Main Zone
WNRC459 658,254 7,790,250 D 70 NA 7/04/09 NA Main Zone
WNRC469 657,997 7,790,497 D 64 NA 7/04/09 NA Main Zone
WNRC471 658,248 7,790,747 D 58 NA 7/04/09 NA Main Zone
WNRC472 658,005 7,790,746 D 5 NA 7/04/09 NA Main Zone
WNRC483 655,499 7,788,003 D 54.6 NA 14/09/09 NA Main Zone
WNRC485 657,996 7,791,001 D 1 NA 7/04/09 NA Main Zone
WNRC488 657,252 7,791,000 D 1 NA 7/04/09 NA Main Zone
WNRC567 658,000 7,788,751 D 68.3 NA 14/09/09 NA Main Zone
WNRC567 658,000 7,788,751 D 68.3 NA 14/09/09 NA Main Zone
WNRC576 657,248 7,788,000 D 20 NA 14/09/09 NA Main Zone
WNRC579 658,000 7,788,001 D 64.5 NA 14/09/09 NA Main Zone
WNRC579 658,000 7,788,001 D 64.5 NA 14/09/09 NA Main Zone
WNRC591 653,000 7,787,244 D 46.5 NA 14/09/09 NA Main Zone
WNRC600 652,748 7,791,754 D 45.3 NA 14/09/09 NA Main Zone
WNRC602 650,752 7,791,752 D 42 NA 14/09/09 NA Main Zone
WNRC607 650,750 7,789,752 D 42 NA 14/09/09 NA Main Zone
WNRC637 653,004 7,788,750 D 49.4 NA 14/09/09 NA Main Zone
WNRC646 651,998 7,788,000 D 50.5 NA 14/09/09 NA Main Zone
WNRC655 656,748 7,789,754 D 43.5 NA 14/09/09 NA Main Zone
WNRC675 654,256 7,790,755 D 55 NA 14/09/09 NA Main Zone
WNRC830 655,004 7,790,376 D 45,5 NA 14/09/09 NA Main Zone
WNRC833 655,000 7,791,129 D 52 NA 14/09/09 NA Main Zone
WNRC856 655,249 7,792,376 D ND NA 14/09/09 NA Main Zone
WNRC873 655,501 7,792,125 D 60 NA 14/09/09 NA Main Zone
WNRC875 655,503 7,792,630 D 56 NA 14/09/09 NA Main Zone
WNRC897 656,002 7,791,877 D 55 NA 14/09/09 NA Main Zone
WNRC899 656,008 7,792,371 D 58 NA 14/09/09 NA Main Zone
WNRC925 656,754 7,791,872 D 61.5 NA 14/09/09 NA Main Zone
WNDD10 640,745 7,775,129 D 18 NA 24/05/09 NA Arruwurra
WNDD28 640,745 7,775,129 21.68 22.5 0.82 24/05/09 14.9 Arruwurra
WNRC108 641,200 7,775,692 D 21 NA 25/05/09 NA Arruwurra

' ROUND
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Collar Location MGA Plumbed Sat. : Base of
Hole ID Zn 53 (r?]\{)vg;—l) Depth | Thickness Measgtr:m | Mineralisat'n Deposit
e R (m) (m) (mbg))

WNRC197 639,747 7,774,750 3.97 4 0.03 24/05/09 NA Arruwurra
WNRC202 640,000 7,775,245 12.8 19 6.2 24/05/09 NA Arruwurra
WNRC204 640,038 7,774,747 D 25 NA 24/05/09 NA Arruwurra
WNRC205 640,029 7,774,504 2.12 2.5 0.38 24/05/09 NA Arruwurra
WNRC209 640,252 7,775,503 4.88 13 8.12 24/05/09 NA Arruwurra
WNRC211 | 640,241 7,774,997 D 24 NA 24/05/09 NA Arruwurra
WNRC218 640,498 7,775,247 D 24 NA 24/05/09 NA Arruwurra
WNRC227 640,740 7,774,996 D 24 NA 25/05/09 NA Arruwurra
WNRC230 640,995 7,775,996 D 18 NA 25/05/09 NA Arruwurra
WNRC231 640,996 7,775,751 D 18 NA 25/05/09 NA Arruwurra
WNRC233 640,999 7,775,247 D 23 NA 25/05/09 NA Arruwurra
WNRC235 640,738 7,774,753 D 28 NA 25/05/09 NA Arruwurra
WNRC236 | 640,749 7,774,498 D 27 NA 24/05/09 NA Arruwurra
WNRC241 | 640,246 7,774,490 D 25 NA 24/05/09 NA Arruwurra
WNRC243 640,250 7,774,248 D 25 NA 24/05/09 NA Arruwurra
WNRC246 639,498 7,774,001 D 31 NA 24/05/09 NA Arruwurra
WNRC251 639,249 7,773,746 D 34 NA 24/05/09 NA Arruwurra
WNRC252 638,999 7,774,001 D 33 NA 24/05/09 NA Arruwurra
WNRC256 639,246 7,774,497 D 31 NA 24/05/09 NA Arruwurra
WNRC261 638,745 7,773,500 D 39 NA 24/05/09 NA Arruwurra
WNRC264 | 638,485 7,774,000 3.61 4 0.39 24/05/09 NA Arruwurra
WNRC267 | 638,750 7,774,498 35 5 15 24/05/09 NA Arruwurra
WNRC269 641,252 7,774,746 D 35 NA 24/05/09 NA Arruwurra
WNRC271 641,251 7,774,494 D 32 NA 25/05/09 NA Arruwurra
WNRC272 639,998 7,774,253 D 34 NA 25/05/09 NA Arruwurra
WNRC274 641,249 7,775,249 D 23 NA 25/05/09 NA Arruwurra

Note: SWL = static water level, NA = not applicable, NM = not mineralized, values in bold/italics are anomalous,
mbgl = metres below ground level.

3.3.2 Regional groundwater levels

Regional groundwater levels were measured in production and monitoring bores (Tables 4
and 5 respectively) and within Minemakers’ tenement at some groundwater exploration drill-
holes (Table 8).

The groundwater level data show levels in the area north of Minemakers’ tenements
measured during the last phase of drilling are reasonably consistent, lying between 48.64
and 50.86 m bgl in the vicinity of production bores WNWBO003 and 004, and falling to 64.55
m bgl at WNMBOO05 located about 8 km east northeast of WNWBO003. This reasonably flat
lying groundwater level is in keeping with the presence of a well connected aquifer system
within the cavernous and weathered dolomite.

The groundwater levels measured within Minemakers’ tenements show a higher degree of
variability, ranging from 24.58 m bgl in WNWBO002 to 103.29 m bgl in WNWEO027. This
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variance suggests a heterogeneous groundwater system, with poor hydraulic connections
between aquifers.

Table 8: Groundwater Exploration Hole Water Level Measurements

Collar Location MGA Zn Hole
Hole ID 53 Hole | pepth | SWL | SWL
Dip (mbtc) Date
(ME) (mN) (m)
WNWEO025 664,371 7,779,250 90 157 102.88 | 1/05/09
WNWEO027 664,431 7,779,154 90 175 103.29 | 1/05/09
WNWEO047 647,285 7,771,890 90 133 66.59 7/05/09
WNWEO054 642,257 7,775,171 90 150 63.15 | 27/05/09
WNWEO055 642,340 7,775,165 90 150 63.55 | 28/05/09
WNWEO056 642,407 7,775,161 90 150 63.78 | 29/05/09
WNWEO057 642,094 7,775,159 90 150 63.15 | 30/05/09
WNWEO060 643,506 7,775,154 90 150 65.75 5/06/09
WNWEO061 643,579 7,775,151 90 150 65.73 5/06/09
WNWEO063 643,661 7,775,156 90 150 65.89 5/06/09
WNWEO064 643,868 7,775,152 90 150 >100 6/06/09
WNWEO065 643,959 7,775,156 90 150 66.36 6/06/09
WNWE066 644,056 7,775,158 90 150 66.7 6/06/09

Note: SWL = static water level, mbtc = metres below top of casing.
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4.0 GROUNDWATER QUALITY

Groundwater samples were collected from the test production bores at the end of the 48-
hour constant rate tests; and from WNWBO001 when the bore was first used to supply camp
water. All samples were submitted to a suitably accredited laboratory for analysis. Field
testing, comprising measurements of electrical conductivity (EC) and pH, was also routinely
carried out during the constant rate tests to identify any effects on general water quality

from groundwater extraction.

Table 9: Water Quality Analysis Results

October 2009

RESOURCE MANAGEMENT

Analyte Units WNWBO001 | WNWBO002 | WNWBO003 | WNWBO004
Conductivity uS/cm ND 2100 2700 2400
TDS (evap 180C) mg/L 780 1300 1800 1500
pH 8 7.4 7.1 7
TSS mg/L ND <5 10 8
Turbidity NTU ND <1 2 7
guAfrFl))Llldr:;[y filtered NTU ND <1 <1 <1
Colour PCU ND <5 <5 <5
Total Hardness mg/L CaCOs3 170 ND ND ND
Calcium mg/L 59 25 140 140
Magnesium mg/L 6.5 34 97 88
Sodium mg/L ND 450 330 290
Potassium mg/L ND 29 53 46
Strontium mg/L ND 0.35 1.7 15
Barium mg/L 0.065 <0.01 0.02 <0.01
Total Iron mg/L ND <0.02 0.11 0.31
Manganese mg/L 0.055 <0.005 0.51 0.059
Carbonate mg/L CaCOs3 ND <1 <1 <1
Bicarbonate mg/L CaCOs3 ND 640 420 460
Sulphate mg/L ND 120 330 230
Chloride mg/L ND 310 550 450
Nitrate mg/L 0.01 14 5.8 0.4
Fluoride mg/L 1.2 1.4 1.2 11
Silica mg/L ND 46 17 19
Arsenic mg/L 0.0026 ND ND ND
Cadmium mg/L <0.0001 ND ND ND
Lead mg/L <0.001 ND ND ND
Selenium mg/L 0.0049 ND ND ND
Antimony mg/L <0.05 ND ND ND
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Analyte Units WNWBO001 | WNWBO002 | WNWBO003 | WNWBO004
Boron mg/L 14 ND ND ND
Chromium mg/L <0.002 ND ND ND
Copper mg/L <0.002 ND ND ND
Molybdenum mg/L <0.01 ND ND ND
Nickel mg/L <0.005 ND ND ND
Total Mercury mg/L <0.001 ND ND ND
Total Cyanide mg/L <0.005 ND ND ND

Note: ND = not determined.
The results of the laboratory analysis are summarised in Table 9, which show the following:

e The groundwater at WNWBO001 (camp bore) is fresh and slightly brackish at the
other three bores.

e pH ranges from neutral to slightly alkaline.

e Total suspended solids (TSS) and turbidity at the two northern bores, which were
constructed without filter pack, are slightly elevated; but below detection in
WNWBO002 which was constructed with a filter pack.

e The dominant ions in water from WNWBO002 are sodium and bicarbonate/chloride,
and in the northern bores sodium and chloride.

e [ron concentrations were elevated in the two northern bores.

e High silica values were measured in WNWBO002 and high to moderate values in the
northern bores.

e High boron values were detected in WNWBO0OL1.

It should be noted that drinking water will be treated by reverse osmosis, therefore elevated
concentrations of metals should not enter the potable supply.

The water quality field measurements are presented as time series graphs in Figures 7 to 9.
The graphs show both EC and pH are steady in the three production bores tested. The EC
values in the northern production bores range from about 2.4 to 2.8 mS/cm, roughly
equivalent to a salinity of 1.4 to 1.7 mg/L TDS. The EC of the groundwater at WNWBO002 is
slightly lower at about 2.2 mS/cm (1.3 mg/L TDS). The pH of the water in the three bores
ranged from 7 to 7.5 (neutral to slightly alkaline).

GROUND
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5.0 GROUNDWATER CONTAMINATION RISKS

Groundwater contamination risks from mining operations are normally associated with
seepage from tailings storage facilities. However, the current investigation is associated
with the first stage of the project development, which relates to the mining of direct ship ore
(DSO) requiring no processing beyond ore crushing and screening. The DSO option
removes the requirement for a processing plant and hence a tailings storage facility.

The risks of groundwater contamination are therefore associated with management of
hazardous materials storage areas, e.g. chemicals and hydrocarbons, in particular rainfall
runoff from these areas. The design of runoff control measures have been identified by
GRM in the surface water management report for the Wonarah Project (GRM, 2009).

GROUNDWATER
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6.0 WATER BALANCE MODELLING

A dynamic water balance was developed for the Project to estimate the water demand
during construction and over the ten year mine life. The water balance was developed
using the generic systems modelling package GoldSim, which is well suited to simulating
dynamic systems such as water balances.
The various components making up the Project water demand are summarised below.
e Construction phase:
i. water for material conditioning during road construction;
ii. dust suppression water for the roads;
iii. construction water for the plant and village;
iv. potable water demand.
¢ Demand during mining:
i. dust suppression water for the roads;
ii. dust suppression water for the mining areas;
iii. water for plant operations;
iv. potable water demand.
For the purposes of the water balance it was assumed the construction phase will
commence on 15 July 2010 and run for approximately five months. Pre-stripping is

expected to commence at the start of August 2010 and mining to start at the beginning of
October 2010. The current life of mine is expected to be 10 years, i.e. finishing in late 2020.

6.1 Construction Water Demand

The total volumetric water requirement for road construction was calculated from first
principles, based upon the following relationship for each of the road construction
components (sub-grade, base coarse and sub-base). Information used in the estimation of
the construction water requirements was sourced from GHD Pty Ltd and 4D Geotechnics
Pty Ltd.

Q=LxWxTxPsx(M;—M;) /P,
Where:
Q = the total volumetric water requirement.

L = the linear lengths of the roads (32.3 and 4.3 km for major and minor roads
respectively).

W = the road widths (7 m).
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T = the thickness of the road construction materials (300, 200 and 200 mm for the sub-
grade, base coarse and sub-base respectively).

P, = the density of the road construction materials (1.8 tonne/m?®).

M, = the desired moisture content for the road construction materials (10%, allowing for
a 2% loss from seepage and evaporation during construction).

M, = the ambient moisture content for the road construction materials (4% for all
materials).

P,, = the density of water.

The water demand rate for road construction was calculated by pro-ratering the volumetric
demand over the five month construction period.

The road dust suppression water demand during construction was calculated by pro-
ratering the total road dust suppression demand (i.e. the total demand during mining —
Section 6.2) over the five month construction period. For example at the start of
construction the dust suppression demand will be 0 L/s and at the end of construction the
demand will be equivalent to the full dust suppression requirement.

The water demand for construction of the plant and village (2 L/s) was provided by GHD.
The potable water demand was calculated from the expected number of personnel on site

required during construction (100 personnel) and a daily per capita demand of 350 L/day
per person.

6.2 Mining Water Demand

The dust suppression water requirement for the roads during mining was calculated using
the surface area of the roads, the calculated monthly evaporation rate (Section 2.1) and a
road usage factor. The road usage factor was varied to represent the road utilization and
therefore the frequency of road watering. The following utilization factors were adopted:

o for minor roads a factor of 0.25 of the pan evaporation rate;
o for major roads a factor of 1 of the pan evaporation rate.

The dust suppression demand for the mining areas was calculated in a similar manner,
using a combined mining area provided by AMC Consultants. These areas comprise the
active pit floors, roads within the pit footprint and the ROM pad. A utilization factor of 0.25
was adopted for the mining area dust suppression.

The water demand at the crushing and screening plant is expected to be minimal and a
nominal flow of 5 L/s was used, based on discussions with Minemakers.

The potable water demand during mining was calculated from the expected number of
personnel on site required during pre-stripping and for mining (100 and 150 personnel
respectively) and a daily per capita demand of 350 L/day per person.
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6.3 Water Balance Results

The various water demands and the combined water demand for the Project are shown as
a time-series graph in Figure 11.

The figure shows the following:

e The total water demand during construction rises from zero in mid July 2010 to
about 15 L/s in mid August 2010.

e The peak water demand of around 67 L/s is at the end of construction when mining
has already commenced.

o After the completion of the construction phase the water demand varies from about
32 L/s during the winter months to 60 L/s in summer when evaporation rates are
highest.
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7.0 PROJECT WATER SUPPLY

The Project water demand was calculated using the site water balance (Section 6.0). To
meet the predicted demand a two stage supply is planned. The first stage will provide
approximately 10 to 15 L/s for the start of construction, using lower yielding bores at
Arruwurra, and the camp bore for potable water.

During this initial period the longer term supply (stage 2) will be developed, which will
consist of a northern borefield located off Minemakers’ tenements in the area of existing
production bores WNWB003 and 004. The development will comprise drilling and
construction of the additional northern production bores and installation of pumping
infrastructure (pipelines, pumping stations etc.) to enable the transfer of water from the
borefield to the mine and village. The expected time to install the borefield pipeline is
around 3 months.

7.1 Initial Construction Water Supply

Initially construction water will be drawn from nominally five lower yielding bores in the
Arruwurra area. These bores will comprise existing production bore WNWBO002 and four
new bores located near wet groundwater exploration holes WNWE056, WNWEO057,
WNWEO061 and WNWEO068 (Section 3.1.1).

Based upon the drilling results the new production bores are expected to have similar
hydraulic properties to those at existing bore WNWBO002 (Section 3.2). The test pumping
results for WNWBO002 have therefore been adopted as being representative of the new
Arruwurra bores.

It is anticipated the Arruwurra production bores will be needed for up to three months before
the northern borefield is available. The sustainability of the five production bores over this
period has been assessed using standard analytical curve-matching methods by extending
the elapsed time on the test pumping results for WNWBO002 (Figure 12). The resultant
curve shows the expected drawdown after 3 months will be about 18 m (43 m bgl), well
above the main aquifer zone which lies below 109 m bgl .

7.2 Long-term Water Supply

The longer term project water supply will be sourced from a northern borefield located in the
vicinity of existing production bores WNWBO003 and 004. Groundwater at these locations is
drawn from a cavernous, weathered dolomite aquifer that is judged to extend regionally to
the north, east and west.

Based upon the water balance results the long-term demand is likely to be between 35 and
60 L/s, varying seasonally with evaporation rates. For the purposes of the BFS a constant
rate of 75 L/s has been adopted to provide some redundancy to the supply. The
sustainability and impact of the borefield operation has been assessed using a numerical
groundwater flow model. The configuration of the numerical model and the modelling
results are discussed in the following sections.

7.2.1  Conceptual groundwater model

The conceptual model for the northern borefield area, used in development of the numerical
model, recognises four hydrogeological units; HU1 to 4, which are described below.
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e HU21 comprises the dolomite aquifer intersected in the northern bores WNWB003
and 004. The unit is overlain by low permeability sedimentary rocks (HU2) and
underlain by low permeability basement or sedimentary rocks (HU3). Based on the
results from the last phase of drilling the top of the unit has been set at 100 m below
surface.

e HU2 comprises the near surface sedimentary deposits overlying the HU1 dolomite
aquifer. The deposits are characterised by low permeabilities and, most likely,
moderate aquifer storage. The upper and lower extents of the unit comprise the
ground surface and the top of the dolomite aquifer respectively.

e HU3 comprises the low permeability unit underlying the HU1 dolomite aquifer. The
lithology of the unit is unknown as the dolomite aquifer was not fully penetrated
during the last phase of drilling because of poor ground conditions.

e HU4 comprises the low permeability sedimentary and basement rocks that occur in
the Wonarah Project area. The unit extends to the north and forms the southern
boundary of the HU1 to 3 sequence north of the Barkly Highway.

The actual thickness and depth of the dolomite aquifer is no known, but the drilling results
indicate a minimum thickness of about 25 m.

Similarly the lateral extent of the aquifer is also not well understood, although the historical
drilling data, sourced from the NRETAS database, suggests the aquifer stretches tens of
kilometres to the north, east and west (Section 2.4). Results from the first two phases of
drilling show the aquifer does not continue as far south as the Project area which is
characterised as a basement high within the Georgina Basin (Section 2.3.1), but the
location of its southern boundary is unknown. Conservatively it has been assumed to
coincide with the southern boundaries of the Dalmore Downs and Alroy Stations.

Groundwater levels in the dolomite aquifer lie around 50 m bgl. Water levels in the
overlying low permeability sediments are likely to be marginally higher, resulting in
downward vertical groundwater flows and aquifer recharge.

Rainfall recharge rates are expected to be low, consistent with the semi-arid climate and
exacerbated by the low permeability of the HU2 sediments. Recharge from surface water
will occur locally in the vicinity of the major rivers and, after rainfall events, from minor water
courses and marshy areas. Although recharge rates are likely to be low, long-term
groundwater production should be supported by the high transmissivity of the dolomite
aquifer.

A schematic of the conceptual model is presented in Figure 13.

7.2.2 Numerical Flow Model

Groundwater flow modelling for the area north of Minemakers’ tenements was developed to
assess the requirements, impacts and sustainability of a borefield supply from the dolomite
aquifer. The model was developed using the MODFLOW finite difference code and the pre-
and post-processor Groundwater Vistas.

The model was based upon a conceptual model of the groundwater system (Section 7.2.1),
which was developed using the data collected during the last phase of the drilling
programme and the test pumping results, along with information sourced from the NRETAS
bore database.
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Numerical model set-up

The model comprises two layers (representing the near surface sediments and dolomite
aquifer) and 196 rows by 248 columns. The model cell sizes range from 5 m by 5 m in the
area of the production bores to 500 m by 500 m along the model’s lateral boundaries. The
model domain covers an area of about 7,260 km?.

The upper and lower surfaces of the two model layers are flat and horizontal. The upper
surface of the top layer (Layer 1) was set at 50 m bgl, equivalent to the expected
groundwater level in the near surface sediments (HU2). The base of Layer 1 was set at 100
m depth, coincidental with the top of the dolomite aquifer (HU1) in the conceptual model.
The base of Layer 2 was set at 125 m depth, giving an aquifer thickness of 25 m.

The HU4 aquitard was not included in the model. The southern model boundary Is defined
as the adopted southern limit of the dolomite aquifer, thereby removing the requirement to
directly model the unit.

The model grid is presented in Figure 14 and the model set-up summarised in Table 10.

Table 10: Summary of Numerical Model Set-up

. . Layer Top Layer Base
Layer Hydrogeological Unit (m depth) (m depth)
1 HU2 - Near surface sediments (aquitard) 50 100
2 HU1 - Dolomite aquifer 100 125

Note: model set-up assumes the ground surface is flat and horizontal.

Hydraulic parameters

The hydraulic parameters used to simulate the dolomite aquifer for the base case were
founded on the transmissivities and storativities estimated from the test pumping results
(Section 3.2), assuming isotropic conditions. The adopted values were consistent with the
lower estimates for aquifer parameters to maintain a conservative modelling approach.

The parameters for the overlying sediments were consistent with low permeability
sedimentary rocks.

In addition to the base case a number of sensitivity analysis runs were completed (Section
7.2.3) to investigate the influence of variation in the following poorly understood parameters:

e vertical and horizontal hydraulic conductivity in Layer 1;
o specific yield in Layer 1;
e vertical hydraulic conductivity in Layer 2.

The parameter values used in the numerical model are summarised in Table 11 for the
base case and the three sensitivity runs (SR1 to SR3).
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Table 11: Numerical Model Hydraulic Parameters

Model Layer Kh Y Kv Sc S Comments
Run y (m/d) (m%d) (m/d) (m-1) y
Base 1 0.001 NA 0.001 1.00E-05 0.01 »
Expected condition
case 2 10 250 10 1.00E-06 0.1
<RI 1 0.0001 NA 0.0001 | 1.00E-05 0.01 Reduced hydraulic
2 10 250 10 1.00E-06 0.1 conductivity in Layer 1
SR2 1 0.001 NA 0.001 1.00E-05 0.005 Reduced Specific y|e|d
2 10 250 10 1.00E-06 0.1 in Layer 1
1 NA 0.001 1.00E-05 0.01 Reduced vertical
SR3 hydraulic conductivity in
2 10 250 1 1.00E-06 0.1 Layer 2

Note: Kh = horizontal hydraulic conductivity, T = transmissivity (assuming fully saturated conditions), Sc =
confined storage and Sy = specific yield.

Groundwater abstraction

Five production bores were used to model groundwater production from the borefield,
comprising the two existing bores and three future bores. The locations of the bores are
shown in Figure 6 and their coordinates presented in Table 12.

Table 12: Modelled Production Bore Locations

Collar Location MGA Zn 53
Bore ID Comments
(mE) (mN)
WNWBO003 643,257 7,822,227 Existing production bore
WNWB004 640,889 7,817,697 Existing production bore
WNWBO005 641,955 7,819,849 Future production bore
WNWBO006 640,871 7,822,232 Future production bore
WNWBO007 643,021 7,817,782 Future production bore

Pumping from the bores was simulated using MODFLOW'’s Well Package. A constant
pumping rate of 15 L/s per production bore was adopted over the 10 year model run time,
drawing water exclusively from Layer 2. This gives a combined extraction of 75 L/s.

Model boundary conditions

The boundary conditions adopted in the model comprised the following:

e The lateral model boundaries to the north, east and west were set as constant
heads, with groundwater levels at 50 m below surface, consistent with the
groundwater level used in the conceptual model and the initial water levels in the
active model area.

e The southern lateral model boundary, coincidental with the adopted southern limit of
the dolomite aquifer, was defined as a no flow boundary. This provides a
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conservative approach as some groundwater flows across this contact would be
expected should drawdowns extend that far.

The base of Layer 2, which is coincidental with the base of the dolomite aquifer, was set as
a no flow boundary. Again this is a conservative approach, removing any potential inflows
from HU3 that could assist in sustaining groundwater extraction from the production bores.
It was assumed that there will be no rainfall recharge over the 10 year model run time.
Layer 1 was defined as an unconfined MODFLOW layer type, using -calculated
transmissivities and storativities. Layer 2 was defined as a confined/ unconfined layer type,
again with calculated transmissivities and storativities.

Vertical flows between layers were calculated using adopted vertical permeabilities in the
two layers.

7.2.3  Numerical model predictions

The numerical model was run for 10 years, based upon the current life of mine. The
predicted groundwater level drawdowns in the two model layers for the base case after 10
years are presented as contour plots in Figures 15 and 16 for Layers 1 and 2 respectively.
The predicted drawdowns for the three sensitivity runs are also presented as contour plots
in the following figures:

e Figures 17 and 18 (Layers 1 and 2 respectively for Sensitivity Run 1);
e Figures 19 and 20 (Layers 1 and 2 respectively for Sensitivity Run 2);
e Figures 21 and 22 (Layers 1 and 2 respectively for Sensitivity Run 3).

The base case drawdown contours have also been included in the sensitivity run plots to
facilitate comparison of results.

In addition to the drawdown contours, time series graphs of the predicted drawdowns in
Layer 2 at the locations of the five production bores have also been prepared (Figures 23 to
25). The time graphs show the results for the base case and three sensitivity runs.
The modelling results are summarised below.
e The modelling indicates a combined production rate of 75 L/s over the 10 year mine
life is readily achievable. Maximum drawdowns at the bores in Layer 2 range from
14.3 m (for the base case and sensitivity run 3) to 16.9 m for sensitivity run 2.

e The predicted drawdown in Layer 1 at the two environmentally sensitive areas
identified within the model domain are as follows:

— less than 0.2 m at Oolgoolgam Swamp for all model runs;
— between 1.5 and 3 m at Kerringnew Swamp.
e Only six stock bores (RN025678, 025874, 004087, 006751, 001237 and 001238) lie

within the 5 m drawdown contour for Layer 2 after 10 years, based upon the results
from the base case and all sensitivity runs.

ROUND
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e Only one stock bore (RN001237) lies within the 10 m drawdown contour for Layer 2
after 10 years, based upon the results from the base case and all sensitivity runs.

It should be noted that groundwater level monitoring at bore WNEMOO1, located at
Kerringnew Swamp has identified the swamp as a perched surface water feature (Section
3.3). Therefore groundwater level drawdowns in the near surface sediments are not
expected to impact upon the swamp water budget.

Comparison of the base case and sensitivity analysis show:

i. The highest rate of drawdown at the start of groundwater production occurs in
sensitivity run 2 (reduced vertical hydraulic conductivity in Layer 1).

ii. In the longer term the model is most sensitive to the specific yield in Layer 1
(sensitivity run 1), both in terms of drawdowns at the bores and the lateral
drawdown extent.

iii. The model is insensitive to changes in the vertical hydraulic conductivity in
Layer 2.

In viewing the numerical modelling results it should also be noted that the model set-up
reflects a conservative condition with the exclusion of rainfall recharge and adoption of the
lower range in hydraulic conductivity for the dolomite aquifer.

GROUNDWATER
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8.0 DEWATERING

The dewatering requirements for the Wonarah Project relate to management of
groundwater inflows and of seepage from surface water that could be stored within natural
topographic depressions in the vicinity of the Arruwurra Pits following high rainfall events.
The Main Zone Pits lie within a topographic high preventing flood water accumulation.

8.1 Groundwater Inflow Management

A comprehensive groundwater level survey at Arruwurra and the Main Zone was carried out
by GRM during the recent field programme (Section 3.3.1). The survey identified that
groundwater levels almost always lie below the ore zones at the two mining areas. A small
number of drill-holes did contain elevated groundwater levels extending into the ore.
However, these water levels are believed to reflect small, isolated, and most likely perched,
groundwater bodies.

Based upon this assessment any groundwater inflows into the pits are expected to be minor
(1 to 2 L/s) and short-lived with a duration of a few weeks or days. It is possible the
discharge will evaporate on the pit floor or infiltrate to the underlying water table. If flows
persist they should be readily manageable with a locally excavated sump and small sump

pump.

8.2 Surface Water Seepage Management

Seepage inflows from stored surface water may occur at Arruwurra, based on surface water
studies (GRM, 2009). The likely limit of the stored water is presented in Figure 26. The
figure shows the water covers an area of about 180 ha, extending along a 500 m width
adjacent to the Arruwurra Pits. The stored surface water is conservatively estimated to lie
about 100 m from the pit crests. The maximum elevation of the stored water is 257 m AHD,
some 20 m above the base of the adjacent Arruwurra Pits.

The potential seepage rates from the stored surface water have been calculated using
Darcy’s groundwater flow equation, presented below.

Q =A x K x (dh/dx)

Where:
Q = seepage rate into the Arruwurra Pit.
A = cross sectional area perpendicular to the flow direction, calculated as the extent of
the water body adjacent to the pit crests (500 m) multiplied by the depth of the
Arruwurra Pits (20 m).

K = hydraulic conductivity.

dx = difference in head, calculated as the difference between the surface water level
and the base of the Arruwurra Pit (20 m).

dx = flow path length, assumed to be the distance from the stored surface water body to
the Arruwurra Pit crests (100 m).

A schematic diagram of this conceptual model is presented in Figure 27.
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Seepage rates were calculated for two conditions, expected and worst case, based upon
variation in the hydraulic conductivity of the near surface sedimentary rocks. For the
expected case an hydraulic conductivity of 0.001 m/d was adopted (consistent with the
value used in the numerical model) and for the worst case a value of 0.01 m/d was used.

The calculated seepage rates ranged from about 0.02 L/s to 0.2 L/s. The seepage rates are
low in comparison to the likely incidental rainfall into the pits that would be associated with a
significant rainfall event. The impacts of seepage upon the overall dewatering requirement
following a major storm event are therefore likely to be negligible.
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9.0 BOREFIELD EQUIPPING AND OPERATING STRATEGY

9.1 Borefield Equipping and Operation

Recommended pumping rates for the three production bores tested are presented in Table
13, along with the recommended pump inlet setting and available drawdown.

Tablel3: Bore Equipping Recommendations

Maximum Pump Inlet | . | Available | Total Bore | Recommended

Bore ID Pumping Rate Setting (mbtc) Drawdown Depth Pumping Rate
(m3hr) | (L/s) (mbgl) (m) (mbgl) (m3hr) | (L/s)
WNWB002 9 2.5 100 24.58 75 125.4 9 2.5
WNWBO004 72 20 95 50.86 44 122 54 15
WNWBO005 72 20 95 48.64 46 126 54 15

Note: mbgl = metres below ground level, SWL = static water level, mbtc = metres below top of casing
The recommended pumping rates comprise:
¢ the maximum duty rate, based upon the test pumping results (Section 3.2);

¢ the recommended long-term pumping rates based upon the sustainable yield of the
aquifer resource, which have been estimated using the numerical groundwater flow
model (Section 7.2.2).

For the purposes of this study it is assumed the three planned new northern borefield bores
will have the same characteristics as existing bores WNWBO003 and 004. Similarly the four
planned new Arruwurra production bores will be similar to existing bore WNWBO002. This
provides a combined recommended pumping rate of 75 L/s from the northern borefield and
12.5 L/s from the Arruwurra production bores.

9.2 Operating Strategy

9.2.1  Strategy overview

Operation of the Arruwurra production bores and northern borefield will require a suitable
operating strategy to help:

¢ maintain adequate water supply to the Project;

¢ identify unacceptable impacts upon other groundwater users;

¢ identify unacceptable impacts upon the groundwater environment.
The strategy should:

i) Describe the borefield and monitoring system, including a schedule of production
and monitoring bores.

i) ldentify other users in the vicinity of the borefield and environmentally sensitive
areas.

GROUNDWATER
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iiiy Present a copy of the approvals under which groundwater extraction is permitted,
including any conditions related to the approvals.

iv) Identify the persons responsible for operation of the borefield, and present their
contact details.

v) Detail the monitoring requirements for the borefield.

vi) Detail the routine data assessment programme, including frequency, reporting
commitments and trigger values used to identify possible unacceptable impacts
upon the groundwater environment.

vii) Detail action and contingency plans that may be required should unacceptable
impacts upon the groundwater environment be identified.

It is intended that the strategy will be prepared under a separate cover as a stand-alone
document and therefore is not included in this report. However, the proposed monitoring
schedule for the Wonarah Project has been developed and is presented in the following
section.

9.2.2 Monitoring schedule

The recommended monitoring schedule for the Arruwurra production bores and northern
borefield is presented in Table 14.
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Table 14: Recommended Monitoring Schedule

Morg}gmg Parameter Frequency Comments
Arruwurra and Camp Area

Production Groundwater level Monthl

Bores depth y
Cumulative pumping Monthly
volume
EC, temperature and Monthl Measured in the field using a
pH y calibrated hand-held meter

Northern Borefield

Production Groundwater level Monthl

Bores depth y
Cumulative pumping Monthly
volume
EC, temperature and Monthl Measured in the field using a
pH y calibrated hand-held meter
Water quality Annual Analytes: pH, TDS, EC, major ions,
laboratory analysis NO3 and Fe

Monitoring Groundwater level

Bores depth Monthly

Regional Sites

Environmental | 0 qwater level

monitoring bore denth Monthly

(WNEMOO01) ep

Nearby stock | Groundwater level

bores depth Monthly

The locations of the existing Arruwurra and Camp Bore (WNWBO0O1 and 002) are shown on
Figures 4 and 5. The northern borefield bores are shown on Figure 6 along with the

corresponding monitoring bores and regional stock bores.

Regional monitoring of third party users is recommended in six stock bores (RN025678,
025874, 004087, 006751, 001237 and 001238), identified from the numerical modelling as
being within the 5 m drawdown contour after ten years of operation for the base case
condition (Section 7.2.3). The locations of the stock bores are presented in Figure 16 and
the bore details in Table 2.
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10.0 RISK ASSESSMENT

A primary risk analysis workshop was carried out on 20 August 2009, facilitated by AMC.
The risk analysis methodology and the workshop findings are presented in Section 19 of the
Wonarah Project Bankable Feasibility Study report (AMC, 2009).

The following sections outline the risks relating to groundwater and a copy of the current

risk register (Rev 1.0) presenting a summary of the groundwater related risks is provided in
Appendix D.

10.1 Risk of Groundwater Supply Failure

The risk of groundwater supply failure relates to the failure of the Arruwurra production
bores at the start of construction; and/or failure of the northern borefield at the end of
construction or during development and mining. The probability of water supply failure is
considered unlikely (Level 2), given the successful groundwater intersections north of
Minemakers’ tenements and the five potential production bore locations already identified at
Arruwurra (Section 3.1). The consequence is considered moderate (Level 3), because of
possible delays to construction (particularly of the roads); and mining and haulage should
there be insufficient water for dust suppression, which is the main water use once
operations commence. The adopted likelihood/consequence matrix gives a risk rating of
Low.

Controlling strategies to assist in mitigation of the risk comprise adequate monitoring of
groundwater levels and pumping rates; and assessment of the monitoring data to provide
early warning of possible supply failure. In addition, provision of sufficient redundancy in
the borefield to allow enough time for additional production bores to be installed should they
be needed.

10.2 Unacceptable Reduction in Groundwater Supply Quality

The risk of an unacceptable reduction in groundwater supply quality relates to changes in
the groundwater quality with time (i.e. seasonally or due to pumping). The probability of
unacceptable quality water is unlikely (Level 2) and the consequence minor (Level 2), giving
a risk rating of Low. Regional groundwater quality data show groundwater salinities range
from 500 to 4,000 mg/L TDS. It is therefore unlikely pumping will draw in lower quality
saline groundwater into production bores. This is supported by the extensive use of
groundwater across the Barkly Tableland for stock watering purposes. It should also be
noted that the majority of the water will be used for dust suppression, which is relatively
insensitive to changes in water quality. It is also planned to treat potable water by reverse
osmosis, minimizing the risk to health from elevated concentrations of metals and other
toxic ions.

Controlling strategies to assist in mitigation of the risk comprise adequate monitoring of
groundwater quality and assessment of the monitoring data. This should provide early
warning of possible reductions in groundwater quality and enable installation of additional
production bores away from the area affected or discussions with regulators to relax water
quality use conditions.
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10.3 Pit Dewatering from Groundwater

The risk of pit inundation from groundwater inflow is low. This is based on a probability of
rare (Level 1) and a consequence Level of 1 (rare). As discussed in Section 8.1, a survey
of groundwater levels in the vicinity of Arruwurra and the Main Zone have identified water
table levels below the base of the ore, apart from a few isolated locations that show
evidence of minor perched water bodies.

Controlling strategies comprise ongoing assessment of potential elevated groundwater
conditions during resource drilling and installation of a suitable dewatering system should
higher than expected groundwater levels be encountered. In addition, the maintenance of
adequate ore stockpiles to provide sufficient time to dewater the pit(s) should this be
necessary.

10.4 Pit Dewatering from Infiltrating Rainfall

The risk of pit flooding from infiltrating rainfall, relates to seepage inflows from stored
surface water at Arruwurra (Section 8.2). The likelihood of occurrence is rated as possible
(Level 3) and the consequence as insignificant (Level 1). Because the Arruwurra Pit lies in
a topographic low some storage of runoff water within topographic depressions is possible
(depending upon the severity of the storm event), which may result in seepage into the pit.
However, the seepage rates will be low (0.02 to 0.2 L/s) in comparison to the potential
flooding in the pit from incidental rainfall, and should therefore be readily managed by the
flood management infrastructure (internal drainage system, sumps and sump pumps).

Controlling strategies comprise installation of suitable flood management infrastructure and

the maintenance of adequate ore stockpiles to provide sufficient time to dewater the pit(s)
should this be necessary.

10.5 Unacceptable Environmental Impacts from Groundwater Production

The risk of unacceptable impacts upon the environment relate to drying up of the two
marshes identified 10 and 37 km north east and east of the proposed northern borefield
(Section 2.5). The likelihood of occurrence is rated as rare (Level 1) and the consequence
as moderate (Level 3). This results in a Moderate risk level. Groundwater modelling results
indicate drawdowns of less than 3 m at the nearest marsh after 10 years of pumping, which
is considered to be negligible considering the ambient groundwater depth of around 50 m.
In addition, monitoring results indicate the marshes are surface water features and will
therefore be unaffected by changes in the underlying groundwater level.

Controlling strategies to assist in mitigation of the risk comprise adequate monitoring of
groundwater levels and pumping rates; and assessment of the monitoring data to provide
early warning of unacceptable impacts upon the marshes. If unacceptable impacts are
identified, additional production bores located away from the proposed northern borefield
and from the sensitive areas will be installed, thereby reducing interference effects from
groundwater production.

10.6 Unacceptable Impacts on Other Users from Groundwater Production

The risk of unacceptable impacts on other users relates to lowering of regional groundwater
levels in the vicinity of the northern borefield. No third party users have been identified at
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Arruwurra. The probability of occurrence is rated at unlikely (Level 2) and the consequence
as minor (Level 2), resulting in a low risk result based upon AMC’s matrix.

Groundwater modelling results show six bores lie within the 5 m drawdown contour and only
one bore lies within the 10 m drawdown contour after 10 years groundwater production.
This provides significant redundancy, given the available drawdown in the aquifer system
(approximately 50 m).

Controlling strategies to assist in mitigation of the risk comprise adequate monitoring of
drawdown extents in the regional bores and monitoring bore WNMBO005. In addition,
Minemakers has committed to maintaining existing water supplies, where monitoring
indicates pumping from the proposed northern borefield has had an unacceptable impact.

GROUNDWATER
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11.0 COST ESTIMATE

Cost estimates have been prepared covering:
— drilling and construction of four new production bores at Arruwurra,;
— drilling and construction of three new production bores at the northern borefield;

— drilling and construction of three monitoring/observation bores adjacent to the new
northern borefield production bores;

— completion of step and 48-hour constant rate tests on the seven new production
bores;

— supply of suitable submersible pumps and associated infrastructure (rising main,
electrical cable, control box with cabinet, head works, flow meter, gate valve, sample
tap and pressure gauge) for five production bores at Arruwurra and four production
bores at the northern borefield.

The estimated drilling and bore construction costs are presented in Table 15. The costs are
based upon rates provided by Gorey and Cole, who undertook the last drilling phase, and
the following assumptions.

e Production and monitoring bore depths of 144 m.

e Construction of the production bores using 155.6mm ID/168.3mm OD mild steel
blank and slotted casing.

e Construction of the monitoring bores using 50 mm nominal diameter class 9 uPVC
blank and slotted casing.

e Formation stabiliser or filter pack is not required for either production or monitoring
bores.

e All drill-holes can be completed using direct circulation air hammer.

GROUND
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Table 15: Estimated Drilling and Bore Construction Costs

Item Unit Rate ($) Qty Am(;)unt

Mobilisation / Demobilisation Item 4,000 1 4,000
Drilling
Drill to accept 200mm surface casing m 145 42 6,090
Drill 203 mm hole m 105 1,008 105,840
Drill to accept 150mm surface casing m 105 18 1,890
Drill 152 mm hole m 65 432 28,080
Casing
Supply of 200 mm NB steel casing (8") m 85 60 5,100
Supply of 150 mm NB blank steel casing (6") m 65 672 43,680
Supply of 150 mm NB slotted steel casing (6") m 120 336 40,320
Supply of 50 mm NB PVC blank casing (2") m 7 288 2,016
Supply of 50 mm NB PVC slotted casing (2") m 12 144 1,728
Miscellaneous
\é\t/g)rk time (Run casing, Bore development Hour 200 119 83.300
Standby Time - Hour 550 10 5,500
Consumables

Cement bag 20 40 800
Quickfoam Ltr 4,50 200 900
Diesel Fuel Ltr 1.25 17,000 21,250
TOTAL 350,494

Note: all costs provided are exclusive of Goods and Services Tax (GST).

Costs for test pumping of the new bores and supply of submersible pumps and associated
infrastructure were provided by McMinns Bore Services, who completed the test pumping
programme for the current study. The estimated costs are summarised in Table 16 (test
pumping costs) and Table 17 (supply of pumps and infrastructure).
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Table 16: Estimated Bore Testing Costs
. Rate Amount
Item Unit %) Qty $)

Mobilisation / Demobilisation Item 4,600 1 4,600
Install and remove pump hr 800 7 5,600
Carry out step rate test hr 160 28 4,480
Carry out constant rate test hr 80 336 26,880
Carry out recovery test hr 80 28 2,240
TOTAL 43,800

Note: all costs provided are exclusive of GST.

In estimating the cost of submersible pumps and associated infrastructure it has been
assumed that the pump purchased by Minemakers for the test pumping of WNWB003 and
004 will be available for use when the borefield is commissioned.

Table 17: Estimated Bore Pump Supply Costs

. Rate Amount
Iltem Unit t
® | Y| ®

4 inch pump Southern Cross SC8 18 3kW
motor, complete with rising main, electrical
cable, control box with cabinet, head works, flow ltem 9,610 5 48,050
meter, gate valve, sample tap and pressure
gauge
6 inch pump, Southern Crosssc 65-10 18.5kW,
complete with rising main, electrical cable,
control box with cabinet, head works, flow meter, Item 24,230 4 96,920
gate valve, sample tap and pressure gauge
TOTAL 144,970

Note: all costs provided are exclusive of GST, costs do not include freight or installation costs.

Performance data for the pumps specified in Table 17 are presented in Appendix E.
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12.0 SUMMARY AND CONCLUSIONS

Minemakers Australia Pty Ltd (Minemakers) is planning to develop the Wonarah Phosphate
Project. Stage 1 involves the mining of direct ship ore (DSO) and is subject to a Bankable
Feasibility Study (BFS). Groundwater issues for the BFS relate to estimation of the water
demand, identification of a suitable water supply, assessment of the security of the supply
and impacts from pumping, assessment of other mining activities’ impacts upon the
groundwater environment, characterization of the groundwater environment and
groundwater quality, and development of an operating strategy.

A water balance for the Project, including supplies for construction, development and mining
estimated a maximum combined demand during the initial construction phase of 15 L/s,
rising to 67 L/s at the end of development. The demand during mining is predicted to be
between 32 and 60 L/s, varying seasonally with evaporation rates. The largest water users
are road construction (construction phase) and dust suppression during development and
mining.

An extensive field programme was carried out, including drilling, bore construction, test
pumping and groundwater level surveys. Four production bores were installed one near
Minemakers’ camp, one at Arruwurra and two north of Minemakers’ tenements.

The results of the programme included the following:

e Minor groundwater supplies were found within Minemakers’ tenements mostly in the
vicinity of the Arruwurra deposit.

e Good groundwater supplies were identified north of Minemakers’ tenements with
maximum bore yields of about 20 L/s.

e Groundwater quality is fresh to brackish with elevated concentrations of iron in the
northern bores and silica at Arruwurra and in the northern bores; boron was also
high in the camp bore.

e Groundwater levels measured within the Main Zone and Arruwurra areas were
generally below the base of the ore zones, apart from a few minor occurrences that
are judged to be isolated.

A two stage approach was developed to meet the predicted Project water requirement. The
first stage involves the development of five modest yielding bores at Arruwurra to meet the
initial demands during construction (nominally for three months). During this initial period a
further three high yielding production bores will be installed in the area north of Minemakers’
tenements. These along with the two existing northern bores will form the northern
borefield and provide the long-term supply (second stage) to the Project.

The security of the supply from the two stages was assessed using analytical methods (first
stage) and numerical modelling (second stage). The outcomes from the two assessments
show:

— Maximum drawdowns of about 18 m in the Arruwurra bores after 3 months pumping
at a combined rate of 12.5 L/s.

— Maximum drawdowns of about 14 m at the northern borefield after 10 year
groundwater production (equivalent to the current life of mine), using expected
hydraulic parameter values and a combined pumping rate of 75 L/s.
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— Maximum drawdowns of about 17 m at the northern borefield after 10 years using
likely worst case values for hydraulic parameters and a combined pumping rate of
75 L/s.

These outcomes indicate a suitable water supply can be provided during construction,
development and mining.

The numerical modelling was also used to estimate long-term impacts from pumping upon
groundwater levels near environmentally sensitive areas and upon third party groundwater
users.

Two sensitive sites were identified in the vicinity of the northern borefield, which comprised
marshes located at distances of about 10 and 37 km. Maximum predicted drawdowns in
the water table at the closest marsh range from 1.5 m for the expected aquifer conditions to
3 m for the worst case conditions. It is important to note that field investigations at the
closest marsh found no connection between it and the underlying groundwater system. It is
therefore considered unlikely that any changes in the water table will impact upon the
marsh.

The numerical modelling indicated six existing production bores lie within the 5 m drawdown
contour and therefore maybe adversely affected by the northern borefield. This risk has
been mitigated by a commitment by Minemakers to provide a suitable alternative supply
should it be necessary.

The dewatering requirements in the Main Zone and Arruwurra Pits is expected to be
negligible, based upon the measured water table depths at the two deposits. Any inflows
are likely to be associated with isolated groundwater bodies that can be readily managed
with local sumping. There is also the possibility of seepage inflows from stored surface
water runoff at Arruwurra following a major storm event. However, seepage estimates
using Darcy’s equation indicate small inflow rates of 0.2 L/s or less. Again these rates
should be readily manageable via inpit sumping.

A risk assessment for the Project has identified a number of groundwater related risks.
However, all risks were ranked as Low, apart from the risk of groundwater supply failure
and unacceptable impacts upon the environment, which were rated as Moderate. The
adequate mitigation of these risks can be achieved through effective control measures,
including adequate monitoring, provision of sufficient redundancy in the groundwater supply
and installation of additional suitably located bores if required.

The requirement for a suitable operating strategy has been identified which will be
presented under a separate cover in a standalone document. A monitoring schedule has
been provided that will form part of the strategy.
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Estimated costs associated with the groundwater aspects of the Project have been