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EXECUTIVE SUMMARY

Big Island Mining Pty Ltd (“the Proponent”) propose to develop an underground gold mine on
the Dargues Reef orebody which is located approximately 2.5km north of the village of Majors
Creek in south-eastern New South Wales. Mining would be achieved using sub-level, open
stoping mining to a depth of approximately 500m, with mined out stopes being backfilled with
waste rock. The mine would operate over a five-year period.

A review of existing data from exploration holes, anecdotal information on groundwater
occurrence, and data obtained from a field investigation program involving drilling and the
establishment of monitoring bores indicates that the hydrogeological regime of the Project Site
and surrounds consists of:

e a shallow alluvial aquifer averaging approximately 100m wide and 2-3m deep
along Majors Creek;

e a regolith (weathered granodiorite) aquifer extending to approximately 15m
depth; and

e a fractured granodiorite aquifer characterized by “tight” massive granodiorite and
localized permeable fracture systems.

Thin, narrow bands of colluvial material washed from the relatively steep side slopes occur
along the tributary creeks feeding into Majors Creek.

The installation of paired groundwater monitoring bores indicates that the regolith and
granodiorite aquifers are hydraulically connected and therefore the groundwater in the regolith
is not perched.

Recharge of the regolith and granodiorite is by direct infiltration of rainfall. Groundwater flow
and discharge is dominantly to Majors Creek and associated alluvium. A small spring is
located in the upper catchment of Spring Creek, a tributary of Majors Creek, the spring water
being discharge from the regolith aquifer.

The alluvial deposits along Majors Creek have been extensively altered by historic alluvial gold
mining with high mullock heaps in places and exposed bedrock in other sections along the
creek. The primary porosity and permeability of the majority of the alluvium has essentially
been destroyed by the alluvial mining.

Collection and analysis of groundwater samples from the eight monitoring bores established
within the Project Site, and from the former Dargues Reef Mine shaft, indicates that the
electrical conductivity of the groundwater within regolith aquifer is in the range 360 -
1300uS/cm, the granodiorite aquifer 530 - 1250uS/cm and the alluvial aquifer 410 - 630uS/cm.
The environmental value of the water has been classified in this report as “primary industry”
being used primarily for livestock, but there are also some wells that are used for domestic
supply. Where permanent flow is maintained by groundwater discharge in Majors and Spring
Creeks, the environmental value is classified as "aquatic ecosystems".

Australasian Groundwater and Environmental Consultants Pty Ltd
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A water balance for the Project indicates that of the assessed maximum annual make-up
demand for processing, dust suppression etc of 130ML/year, up to 66ML/year will have to be
sourced from groundwater. Options for obtaining this supply are from:

e dewatering of the proposed Dargues Reef Mine;

e pumping from existing historic flooded workings approximately 1.2km to the south
of the proposed mine;

o dedicated water supply bores.

In order to assess the feasibility of obtaining a groundwater supply and the impact on the
groundwater regime of mine dewatering and pumping from the historic workings or a dedicated
borefield, a numerical groundwater flow model was developed and calibrated using the
MODFLOW SURFACT code. The model was calibrated to steady state water levels measured
from the eight monitoring bores and 35 open exploration holes covering the Project Site. There
was no long term monitoring data to enable calibration to transient conditions.

The predictive simulation and an assessment and conclusions reached from these simulations
are summarised below:

INFLOW TO DARGUES MINE AND DEWATERING OF HISTORIC WORKINGS

Predictive numerical modelling has shown that:

e groundwater inflow to the Dargues Reef Mine would vary between approximately
8L/s and 10L/s during the first two years of mining as the decline is driven to total
depth; and

e in subsequent years that is Years 3 — 5 inflow would decrease to approximately
7L/s.

Up to 1L/s of the inflow would be lost through the mine ventilation systems and as moisture
with the ore. Therefore theoretically the minimum inflow that could be captured by the mine
dewatering systems is 6L/s. However this is likely to be a conservative overestimate as some
faults may act as barriers to groundwater flow. Therefore in developing a mine water balance,
it is recommended that 4L/s be adopted as groundwater that could be captured and re-used
from dewatering of the mine.

As the specific yield (storativity) of the granodiorite is not known it was assumed that it would
range between 0.001 and 0.01. Modelling indicates that changing the specific yield of the
granodiorite only impacts flow in the first two years of mining when some of the inflow is
derived from aquifer storage. In subsequent years inflow is derived from rainfall recharge of the
regolith and granodiorite aquifers and steady state inflow for both values of specific yield is
approximately 7L/s.

Simulation of pumping from the former Snobs, Stewart and Mertons and United Miners shafts
indicate that a groundwater supply of approximately 79ML/year (2.5L/s) could feasibly be
obtained from these sources with a drawdown near Majors Creek to RL620m, approximately
12m below the bed of the creek.

A license will be required for mine dewatering and to pump water from the old shafts.
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IMPACT ON WATER TABLE/PIEZOMETRIC SURFACE AND GROUNDWATER USERS

Predictive modelling indicates that the radius of influence of dewatering the mine and pumping
from the old shafts, as indicated by the 1m drawdown contour, extends up to 2.5km from the
proposed mine. Any existing groundwater users within this area of influence would be
impacted, with groundwater levels in their bores/wells, and potentially yields, declining.

The NSW Office of Water bore database was searched and a bore census undertaken to
locate any bores/wells within the area that may be impacted.

There are 13 registered bores within a 5km radius and the census located 25 bores and wells,
some of which may be included in the list of registered bores. The majority of bores/ wells are
located within the township of Majors Creek and are beyond the predicted zone of influence of
mine dewatering as defined by the 1m drawdown contour. There are two wells in the upper
catchment of Shingle Hut Creek which are within the radius of influence of the mine and are
likely to be impacted. As they are wells they may go dry if they are relatively shallow. Similarly
there are three bores in the upper catchment of Jembaicumbene Creek near the 1m drawdown
contour. However, these bores are unlikely to go dry as they are deep wells.

IMPACT ON MAJORS AND SPRING CREEKS AND EMBARGOED WATER

Predictive modelling has shown that the impact of mining reduces discharge from the
granodiorite and regolith aquifers to the alluvium of Majors Creek by approximately 1.7L/s due
to drawdown created by mine dewatering and pumping from the old shafts and flattening of the
hydraulic gradient to the creek. Discharge to the colluvium and spring of Spring Creek will also
be reduced by approximately 0.3L/s. That is, there is a total reduction of groundwater
discharge from the regolith and granodiorite of approximately 2L/s. This groundwater from the
deeper aquifers is not embargoed and is intercepted by mine dewatering and pumping from
the old shafts before it reaches the alluvium and becomes embargoed water.

There will however be a reversal of groundwater flow over a very small area of Majors Creek
where groundwater in alluvium will leak to the underlying bedrock at a rate of approximately
0.1L/s (3.2ML/year). This water is embargoed and mitigation options to account for the
3.2ML/year of embargoed water captured by the mine include:

e purchase an existing licence from another groundwater user, or

e discharge water into the creek at a rate of 0.1L/s from the dams constructed on
the Project Site to harvest surface runoff.

It is assessed that groundwater discharge to Spring Creek would cease during mining and for
up to three years post mining, and that the spring in the upper catchment of the creek would
also dry up.
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IMPACT ON ARALUEN WATER SUPPLY

The Department of Land and Water Conservation has estimated that the total sustainable yield
of unconsolidated aquifers in the Araluen River catchment, of which Majors Creek is an upper
catchment tributary, is between 8 028 and 8 218ML/year. The overall reduction in the alluvial
groundwater of Majors Creek that may eventually flow 20km downstream to Araluen is
approximately 2.1L/s (66ML/year) or 0.8% of the sustainable yield. This comprises the 2L/s
reduction in discharge from the regolith and granodiorite aquifers and 0.1L/s leakage from the
alluvium. However given the distance of Araluen from the Project Site and that the sustainable
yield of the alluvium and regolith at Araluen is dominated by local recharge; it is assessed that
the Project would have no impact on groundwater supply at Araluen.

IMPACT ON GROUNDWATER QUALITY

The Nett Acid Generating potential of the waste rock that will be stockpiled and used to backfill
the stopes is <0.1 H,SO./tonne and as such acid mine drainage is not an issue, and
groundwater quality both in the granodiorite, regolith and alluvial aquifer system should not be
impacted.

GROUNDWATER RECOVERY

The model simulations have shown that groundwater levels around the Dargues Reef Mine will
recover rapidly within three years of cessation of mining based on the assumption that the
stopes are backfilled with waste rock and that the consequent void space in the mine is 35% of
the slope volume. The recovery of the last few metres to pre-mining groundwater levels will
take in excess of 5 years post mining.

GROUNDWATER MONITORING PLAN

A groundwater monitoring plan has been designed to provide timely warning of any
unpredicted or adverse impacts so that remedial actions can be taken.
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1. INTRODUCTION

Big Island Mining Pty Ltd (the Proponent), a wholly owned subsidiary of Cortona Resources
Limited (Cortona), proposes to develop an underground gold mine operation at Majors Creek
in south-eastern New South Wales. The proposal, the Dargues Reef Gold Project here-in-after
referred to as “the Project,” will be developed at the historic Dargues Reef Mine. The historic
mine workings are limited in extent and are currently flooded. The Project comprises an
underground gold mine, a processing plant, a temporary waste rock emplacement and a
tailings storage facility, as well as ancillary activities and associated infrastructure.

The Proponent is applying to the Minister of Planning for Project Approval under Part 3A of the
Environmental Planning and Assessment Act 1979 (EP&A Act), and R.W. Corkery & Co. Pty
Limited (RWC) have been commissioned to prepare an Environmental Assessment (EA) in
support of the Part 3A Project Application. This groundwater assessment has been completed
by Australasian Groundwater and Environmental Consultants Pty Ltd (AGE) at the request of
RWC on behalf of the Proponent.

2. PROJECT OVERVIEW

The Project would be developed entirely within the Project Site, with is located approximately
13km to the south of Braidwood, in the vicinity of the village of Majors Creek (Drawing No. 1).
The Project would comprise the following components.

e Extraction of waste rock and ore material from the Dargues Reef deposit using
underground sublevel open stope mining methods to a depth of approximately
500m below surface with a suitable crown pillar to prevent surface subsidence.

e Construction and use of surface infrastructure required for the underground mine,
including a box cut, portal and decline, magazines, fuel store, ventilation rise and
power and water supply.

e Construction and use of a processing plant and office area which would include
an integrated Run-of-Mine (ROM) pad/temporary waste rock emplacement,
crushing and grinding, gravity separation and floatation circuits, Proponent and
mining contractor site offices, workshop, laydown area, ablutions facilities, stores,
car parking, and associated infrastructure.

e Construction and use of a tailings storage facility.

e Construction and use of a water management system, including construction and
use of eight dams and associated water reticulation system, to enable the
harvesting and supply of water for mining-related operations. It is noted that the
proposed water harvesting operations would be consistent with the Proponent’s
harvestable right.

e Construction and use of a site access road and intersection to allow site access
from Majors Creek Road.

e Transportation of sulphide concentrate from the Project Site to the Proponent’s
customers via public roads surrounding the Project Site using covered semi-
trailers.
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e Construction and use of ancillary infrastructure, including soil stockpiles, core
yards, internal roads and tracks and surface water management structures.

e Construction and rehabilitation of a final landform that would be geotechnically
stable and suitable for a final land use of agriculture and/or nature conservation.

With respect to operational water supplies, it has been estimated that the Project will require
approximately 130ML/y of new or makeup water for processing, dust suppression,
underground mining operations and workshop wash-down purposes. This will be obtained
from the Proponents harvestable rights of surface water and dewatering of the proposed
Dargues Reef Mine, with the shortfall in supply to be sourced from groundwater obtained from
other flooded, underground, historic mines within or adjacent to the Project Site.

3. SCOPE OF WORK — DIRECTOR GENERAL'S
REQUIREMENTS

The Director General's Requirements of each government department in relation to
groundwater and where they are addressed in this report are given in Appendix 1, and a
summary of the requirements for the groundwater assessment provided by NSW Office of
Water (NOW) is given below.

¢ |dentification of site water demands and water sources (surface and
groundwater).

o Adequate and secure water supply.
e A detailed groundwater model.

e Detailed analysis of the impacts of dewatering if required for the project,
identifying:

intercepted and dewatered volumes throughout the mine life;
— the areal extent of piezometric level drawdown;

— the likely quality of extracted groundwater;

— alterations to site water balance;

— impact on adjacent licensed water wusers, basic landholder rights,
groundwater-dependent ecosystems and the surface water environment;

— any identified connected water sources impacted by mining; and
— post mine life recovery period to reach equilibrium.

e Adequate mitigating and monitoring requirements to address groundwater
impacts. This is to include an outline of a proposed groundwater management
plan to meet licensing requirements.

¢ Identification of works or activities requiring licensing under the Water Act 1912 or
Water Management Act 2000, eg. Monitoring bores, aquifer interception,
groundwater and/or surface water extraction.
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4. LEGISLATION

The following section outlines New South Wales State legislation, policy and guidelines with
respect to groundwater that must be addressed in assessing a mining proposal.

4.1 WATER ACT 1912

The issue of licences to install a bore and take water from groundwater sources in those areas
where water sharing plans have not commenced is governed by the Water Act 1912 and
managed by the NSW Office of Water. A licence is required for taking and using groundwater
entering a mine providing the groundwater is not embargoed. A licence will not be issued for
embargoed groundwater that enters a mine or is impacted by mining, and a license covering
the volume of embargoed water impacted, must be purchased from an existing licence holder.

4.2 WATER MANAGEMENT ACT 2000

The objective of the Water Management Act 2000 (WM Act) is the sustainable and integrated
management of the State’s water for the benefit of both present and future generations. The
WM Act provides clear arrangements for controlling land based activities that affect the quality
and quantity of the State’s water resources. It provides for four types of approval:

e water use approval — which authorise the use of water at a specified location for a
particular purpose, for up to 10 years;

e water management work approval;
o controlled activity approval; and

e aquifer interference activity approval — which authorises the holder to conduct
activities that affect an aquifer such as approval for activities that intersect
groundwater, other than water supply bores and may be issued for up to 10
years.

For controlled activities and aquifer interference activities, the WM Act requires that the
activities avoid or minimize their impact on the water resource and land degradation, and
where possible, the land must be rehabilitated.

4.3 EMBARGO ON ANY FURTHER APPLICATIONS FOR SUB SURFACE
WATER LICENCES

Almost all groundwater in NSW is managed under either a water sharing plan made under the
WM Act, or an embargo order made under s. 113A of the Water Act 1912.
Embargo orders are made under the Water Act 1912 and apply until replaced by either:

a) another embargo order made under the Water Act 1912, or

b) a water sharing plan made under the Water Management Act 2000 for the water
source.
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Where an embargo order applies, an application for a new water licence under the Water Act
1912 cannot be lodged unless it fits within one of the exemptions specified in the order or in
the Water Act 1912. Basic landholder rights under s. 52 of the Water Management Act,
including domestic and stock rights, as well as groundwater for town and village, community
recreational and aboriginal cultural purposes are exempt from the embargo orders. The NOW
website states that the only other way to obtain additional water for new or expanding activities
is to purchase an allocation from an existing licence, that is through trading.

The Project Site is covered by an embargo, gazetted on 11 April 2008, covering the Coastal
Floodplain Alluvial Groundwater Sources and Highly Connected Alluvial Groundwater Sources
of Coastal Catchments — Regional NSW. Advice received from NOW is that the embargo
applies to surface water and alluvial groundwater associated with third order streams or higher.
The embargo, however, does not apply to deeper aquifers.

4.4 STATE GROUNDWATER POLICY
44.1 Overview

The NSW State Government (1997) Groundwater Policy Framework Document was adopted
in 1997 and aims to manage the State’s groundwater resources to sustain their environmental,
social and economic uses. The policy has three parts, namely the:

e NSW Government (1998a) Groundwater Quality Protection Policy, adopted in
December 1998;

e NSW Government (2002) State Groundwater Dependent Ecosystems Policy
adopted in 2002; and

¢ NSW Government (undated) Groundwater Quantity Management Policy advice.

4.4.2 Groundwater Quality Protection
The NSW Groundwater Quality Protection Policy (1998), states that the objectives of the policy
will be achieved by applying the management principals listed below.

1. All groundwater systems should be managed such that their most sensitive
identified beneficial use (or environmental value) is maintained.

2. Town water supplies should be afforded special protection against contamination.

3. Groundwater pollution should be prevented so that future remediation is not
required.

4, For new developments, the scale and scope of work required to demonstrate
adequate groundwater protection shall be commensurate with the risk the
development poses to a groundwater system and the value of the groundwater
resource.

5. A groundwater pumper shall bear the responsibility for environmental damage or
degradation caused by using groundwaters that are incompatible with soil,
vegetation and receiving waters.

6. Groundwater dependent ecosystems will be afforded protection.
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Groundwater quality protection should be integrated with the management of
groundwater quality.

The cumulative impacts of developments on groundwater quality should be
recognised by all those who manage, use, or impact on the resource.

Where possible and practical, environmentally degraded areas should be
rehabilitated and their ecosystem support functions restored.

Groundwater Dependent Ecosystems

The NSW Groundwater Dependent Ecosystems Policy is specifically designed to protect
valuable ecosystems which rely on groundwater for survival so that, wherever possible, the
ecological processes and biodiversity of these dependent ecosystems are maintained or
restored for the benefit of present and future generations. The policy defines Groundwater
Dependent Ecosystems as “communities of plants, animals and other organisms whose extent
and life processes are dependent on groundwater”.

Five management principles establish a framework by which groundwater is managed in ways
that ensure, whenever possible, that ecological processes in dependent ecosystems are
maintained or restored. A summary of the principles is as follows:

4.4.4

groundwater dependent ecosystems (GDEs) can have important values. Threats
should be identified and action taken to protect them;

groundwater extractions should be managed within the sustainable yield of
aquifers;

priority should be given to GDEs, such that sufficient groundwater is available at
all times to meet their needs;

where scientific knowledge is lacking, the precautionary principle should be
applied to protect GDEs; and

planning, approval and management of developments should aim to minimise
adverse affects on groundwater by maintaining natural patterns, not polluting or
causing changes to groundwater quality and rehabilitating degraded groundwater
ecosystems where necessary.

Groundwater Quantity Protection

The objectives of managing groundwater quantity in New South Wales are:

“to achieve the efficient, equitable and sustainable use of the State’s
groundwater;

to prevent, halt and reverse degradation of the State’s groundwater and their (sic)
dependent ecosystems;

to provide opportunities for development which generate the most cultural, social
and economic benefits to the community, region, state and nation, within the
context of environmental sustainability; and

to involve the community in the management of groundwater resources.”
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4.5 AQUIFER RISK

The NSW Department of Land and Water Conservation (1998)" “Aquifer Risk Assessment
Report” used a number of criteria to classify risks to various significant groundwater resources
across the State. It classified the Southern Tableland Granites and South Coast Fractured
Rock Aquifers as “low risk aquifers”. There was no classification for the alluvial aquifers of
Majors Creek.

5. REGIONAL SETTING AND MINING HISTORY

5.1 LOCATION

The Project is located approximately 13km to the south of Braidwood in the vicinity of the
village of Majors Creek, in south-eastern New South Wales. The Project Site comprises an
area of 396ha within Exploration Licence (EL) 6003 and encompasses part of the historic
Majors Creek goldfield which includes alluvial workings along Majors and Spring Creeks and
shafts/underground workings sunk on reef ore bodies. These include the Dargues Reef Mine
on which the Project is centralised and underground workings associated with the former
Snobs, Stewart and Mertons and United Miners operations, located approximately 1.2km to
the south of the Dargues Reef mineralisation.

The Project location is shown Figure 1 and on Drawing No. 1.

5.2 TOPOGRAPHY AND DRAINAGE

The Project Site is located in an area of relatively steeply undulating hills in the Great Dividing
Range and generally occurs within the upper part of the Araluen River catchment, although the
northern-most sector of the Project Site occurs in the Shoalhaven River catchment (see
Drawing No. 1). The maijority of the site is drained by Spring Creek and its tributaries which
discharge into Majors Creek. Shingle Hut and North Creeks which discharge into Majors Creek
about 500m upstream of Spring Creek drain a small proportion of the Project Site. Majors
Creek passes through and drains the southern sector of the Project Site and is a tributary of
Araluen River which has a catchment area of about 180km?.

Spring Creek and its tributaries are relatively deeply incised and consequently steep sided. As
its name suggests a small spring is located in the upper catchment of the creek.

The elevation of the Project Site ranges from about 744m AHD (Australian Height Datum) at
the northern boundary to 630m AHD along Majors Creek.

' Department of Land and water Conservation, (April 1998), “Aquifer Risk assessment Report”. Ref. HO/16/98.
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Figure 1 Locality Plan and Mineral Authorities

5.3 LAND USES

A variety of land uses surround the Project Site including:

e Agriculture — primarily grazing of cattle and sheep on areas of the undulating hills
that have been cleared for such purposes. The Project Site is primarily contained
within land cleared for cattle grazing.

¢ Native conservation and forestry — primarily restricted to areas of steep slopes
and areas unsuitable for other land uses.

¢ Residential and rural residential associated with the village of Majors Creek to the
immediate south of the Project Site.

5.4 CLIMATE
The climate of the area is characterized by mild summers with an average maximum

temperature in January of 26°C and cold winters with July being the coldest month with an
average maximum temperature of 11.4°C and an average minimum of -0.2°C.
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Rainfall records were obtained from the Bureau of Meteorology (BoM) Braidwood Wallace
Street Station — Stn No. 069010 (1987 to 2010) located about 12km to the north of the Project
Site.

A summary of the climate data is provided in Table 1.

Table 1
Climate Average — Braidwood (Wallace St), Stn No. 069010
Statistics Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec | Totals
?f,'g?” MaxTemp | 559 | 254 | 231 | 19.0 | 15.0 | 11.8 | 11.3 | 13.1 | 16.4 | 195 | 22.2 | 25.1
?f,'g?“ MinTemp | 169 |111| 93 | 59 | 26 | 07 | -02| 08 | 27 | 54 | 76 | 96

Mean Rainfall (mm) | 69.4 | 66.7 | 68.3 | 56.0 | 57.3 | 66.0 | 46.7 | 47.3 | 50.4 | 62.5 | 62.8 | 64.2 | 713.9

Mean Evaporation | 145 71109.2| 96.1 | 66.0 | 40.3 | 27.0 | 31.0 | 52.7 | 78.0 [108.5|120.0|142.6|1017.1

(mm)
a’f‘np)m'”“SRa'”fa" 76.3 | 425 | 27.8 | 10.0 |-17.0|-39.0 | -157| 5.4 | 276 | 46.0 | 57.2 | 78.4 | 299.2
Note: i) temperature data for years 1907 — 1975

rainfall data for years 1887 — 2010
evaporation data for years 1996 — 2010

The average annual rainfall is about 719mm per year with rainfall distributed fairly evenly
throughout the year. Evaporation exceeds rainfall in most months with the exception of the
winter period May to July. On an annual basis evaporation exceeds rainfall by about 300mm.

5.5 HISTORY OF MINING

The history of mining was summarized in the EA and a brief description is given below due to
the relevance of the history of this groundwater assessment.

The Majors Creek and Araluen Goldfields, which were worked between about 1850 and 1939,
represent the largest alluvial goldfields in NSW, with about 1.25 million ounces of gold being
produced, 98% of which was from alluvial workings. Consequently the alluvium along Majors
Creek, which forms part of the Project Site, has been highly disturbed with many mullock
heaps extending above the natural ground level and in other areas bedrock exposed along the
creek where the alluvium has been removed.

The Dargues Reef orebody was discovered in 1870 about midway along Spring Creek and the
Dargues Reef shaft was sunk to a depth of 67m. In addition, other shafts were sunk on lodes
at the southern end of the Project Site, namely Snobs, Stewart and Mertons and United
Miners. All shafts are now flooded from groundwater inflow. Drawing No. 2 presents a plan
showing the location of the former workings.
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6. GEOLOGICAL SETTING

6.1 PROJECT SITE GEOLOGY

The geology of the Project Site and surrounding areas presented in this section is derived from
the Araluen 1:100,000 Geological Series Sheet.

The Project Site is located within the Lachlan Fold Belt and the site and surrounds are
underlain by the Devonian-aged Braidwood Granodiorite, a pluton consisting of multiple
intrusions and occupying an area of about 1000km?. The granodiorite is a medium grained,
equi granular hornblende-biotite rich igneous rock. The geological map of the site is shown on
Drawing No. 3.

The Braidwood Granodiorite intruded the early Devonian-aged Long Flat Volcanics, a felsic
extrusive, which outcrops the immediate west of the Project Site. Ordovician-aged sediments
form the eastern margin of the granodiorite and occur about 10km to the east of the Project
Site.

The upper 10m to 15m of the granodiorite is weathered with a general relatively sharp contact
with the underlying fresh rock (G. Cozens pers. com).

Alluvium, consisting of coarse grained arkosic sand and clay and granodiorite boulders has
been deposited along Majors Creek, whereas the deposits in the base and sides of the
tributary creeks are colluvial material that has washed from the slopes above the tributaries.
The alluvium along Majors Creek varies between about 60m and 200m in width and has been
extensively worked for gold in the late 1800’s, early 1900’s. Based on the drilling results from
the monitoring bore installations, it would appear to have a maximum thickness of about 3m,
although there are thicker sections of reworked alluvium left as mullock heaps during former
mining operations. The alluvium appears as relatively uniform, clay rich, arkosic sand with any
areas of naturally well sorted material being destroyed by mining activities.

The colluvium in Spring Creek occurs as a very narrow deposit and is less than 0.5m thick in
the upper part of the Spring Creek catchment, probably increasing marginally in thickness
down-gradient towards its confluence with Majors Creek. There is probably an admixture of
alluvium and colluvium near its confluence with Majors Creek.

The alluvium and colluvium grades into underlying weathered to fresh granodiorite.

6.2 STRUCTURE

The Braidwood Granodiorite is cut by a number of north-west, south-east trending, steeply
dipping faults that are clearly visible on the aeromagnetic data. The granodiorite is also cut by
a second suite of structures striking to the north-northeast. The faults and lineaments shown
on Drawing No. 3 were mapped or interpreted from aeromagnetic data by the Proponent.
They are zones of weakness and appear to control drainage patterns within the Project Site
and surrounds.
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6.3 MINERALIZATION

Gold mineralization at Dargues Reef is structurally controlled and is hosted within east-west
trending lenses that maintain a steep southerly dip within strongly altered (sericite-silica-
carbonate) granodiorite near the contacts of a sub-vertical diorite to quartz diorite dyke. The
lenses follow the east-west fracture system in the granodiorite which is particularly well
developed adjacent to the diorite dykes. The location of old mines and workings is shown on
Drawing No. 2.

The lodes have a width of between 5m and 20m, a strike length of up to 140m and they extend
down-dip for at least 450m.

6.4 SUMMARY OF GEOLOGICAL SETTING

In summary the entire Project Site consists of generally massive Braidwood Granodiorite which
has been intruded by dykes and hosts the gold bearing ore bodies which occur in east-west
striking fracture controlled lodes systems. The upper 10m to 15m of the granodiorite is
weathered, with a relatively sharp contact with the underlying fresh rock.

Thin alluvial deposits along Majors Creek have been extensively reworked by historic alluvial
gold mining activities and very thin, predominantly colluvial deposits occur as narrow bands
along Spring Creek and other tributaries feeding into Majors Creek.

7. FIELD INVESTIGATION PROGRAM

A field investigation program consisting of an initial site visit, installation of monitoring bores,
water quality sampling, permeability testing, and water level monitoring was undertaken to
obtain data that would define the hydrogeological regime of the Project Site.

7.1 MONITORING BORE INSTALLATION PROGRAM

7.1.1 Program Objective

A review of existing site data indicated that apart from open exploration holes there were no
dedicated monitoring bores that would provide data on the groundwater regime. Therefore
following an initial site visit, a number of sites were selected for installation of monitoring bores
that would also form part of a monitoring network to provide baseline data and monitor the

impact of the Project during and following mining. The general objectives of installing
monitoring bores were to provide data on:

e the saturated thickness of the alluvium along Majors Creek and the hydraulic
connectivity between the alluvium and the underlying granodiorite;

e the hydraulic connectivity of groundwater in the weathered granodiorite and the
deeper fractured rock, that is if groundwater in the weathered zone is perched;

¢ the source of spring discharge in the upper reaches of Spring Creek;
e groundwater quality;

e aquifer permeability (hydraulic conductivity).
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7.2 MONITORING BORE CONSTRUCTION

Bungendore Water Bores undertook the drilling, installation and construction of the monitoring
bores with instructions for bore depth, screen settings, etc provided by an AGE hydrogeologist.
The boreholes were drilled using the rotary air blast (RAB) drilling technique and no drilling
fluids or additives were used. Rock chip samples were collected at 1m intervals and logged by
a Cortona geologist.

The boreholes were cased with Class 18, 50mm diameter, lead free uPVC casing. Machine
slotted uPVC screens were placed at the base of the hole with blank casing back to surface. A
clean 3mm to 6mm gravel filter was placed by gravity around the screens, a bentonite seal (V%
bentonite pellets), placed above the gravel and the remainder of the annulus sealed with a
cement/bentonite grout. A tremie pipe was used to place the grout in the deeper holes.
Lockable steel monuments were concreted into the ground around the protruding uPVC
casing. Construction of the bores conformed to the requirements of the document “Minimum
Construction Requirements for Water Bores in Australia” published by the Land and Water
Biodiversity Committee (http://www.iah.org.au/pdfs/mcrwba.pdf).

After construction, the monitoring bores were developed using the airlift method until producing
clear, sediment free water.

In total 8 monitoring bores were constructed at 6 sites. The location of the bores is shown on
Drawing No. 4. A pair of monitoring bores were installed at two sites (DRWB01/02 and
DRWBO03/04), one in the weathered zone (regolith) and the second in the deeper fractured
rock, in order to assess the hydraulic connectivity between the two aquifer systems. The
deeper bore was drilled first to determine the nature and thickness of the weathered zone and
subsequently the shallow bore was drilled and constructed.

A schematic of the typical construction of the monitoring bores is shown in Figure 2.
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Figure 2 Schematic of Monitoring Bore Construction
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The construction details of the monitoring bores are summarized in Table 2 and Composite
Bore Logs showing the lithology and construction are given in Appendix 2.

Table 2
Summary of Monitoring Bore Construction and Water Levels
Location Elevation (RLm) Depth Screen Static Water Level
Bore | | | | Aquifer
mE ' mN Ground ' TOC (m) (mbGL) Date | (mbGL) ! (RLm)

DRWBO01 | 748681.1 i 6063944.8 | 714.65 715.20 67 61.0- 7.0 | 25/04/10 i\ 9.41 705.8 | granodiorite
DRWB02 | 748676.6 | 6063945.8 | 714.67 715.24 15.9 9.9-15.9 25/04/10 |  9.42 705.8 |regolith
DRWB03 | 749111.8 : 6063817.2 | 712.35 712.91 66.1 60.1-66.1 | 25/04/10 : 8.64 704.3 | granodiorite
DRWB04 | 749115.8 | 6063814.4 | 712.72 713.29 16.5 10.5-16.5 | 25/04/10 | 8.61 704.7 | regolith
DRWB05 | 749200.3 | 6063530.7 | 721.89 721.87 15.58 9.6-15.6 25/04/10 i dry regolith
DRWBO06 | 748848.7 6061994.6 | 632.34 632.98 6.45 3.45-6.45 | 20/04/10 1.24 631.7 | alluvium
DRWB07 | 748724.7 | 6061835.4 | 636.72 637.17 11.25 5.25-11.25 | 20/04/10 | 4.23 632.9 |alluvium
DRWB08 | 749240.0 : 6061796.4 | 627.38 628.01 11.22 5.12-11.12 | 20/04/10 : 1.93 626.1 | Alluvium
Notes: i) TOC = top of casing

i) mbGL = metres below ground level

iii) co-ordinate projection MGA 94, Zone 56
7.3 WATER SAMPLE COLLECTION AND ANALYSIS

Groundwater samples were collected from the monitoring bores for laboratory analysis by an
AGE hydrogeologist using disposable bailers. The bores were purged by bailing and electrical
conductivity (EC) and pH monitored using a pre-calibrated conductivity-salinity meter
manufactured by TPS. The sample was taken when EC and pH of water being bailed had
stabilized and at least 3 bore volumes of water had been removed. The samples designated
for metal analysis were filtered in the field.

The groundwater samples were analysed for:

e pHandEC;

e major Anions (CO3;, HCO,, Cl, SO,4) and Cations (Ca, Mg, Na, K);
o metals suite; and

e nutrients (nitrate, nitrite and total phosphorous).

The results of the laboratory testing are presented and discussed in Section 10.2.
7.4 PERMEABILITY TESTS

As a part of the investigation hydraulic (falling and/or rising head) permeability tests were
conducted on the monitoring bores. The tests were designed to evaluate the hydraulic
conductivity of aquifer material surrounding the bore screen. Falling and rising head tests
require a “slug” of water being poured into or removed from the bore and the rate of decline or
rise in water level being monitored. The fall off or rise in water level was monitored using a
vibrating wire piezometer set to measure at a minimum 2 second intervals. The test data for
each monitoring bore tested is included in Appendix 3. The data were analysed by the
Hvorslev Method (1951)? using Aquifer Test Version 2.5 software. The results of the analyses
are summarised in Table 3 and discussed in more detail in Section 9.0.

% Horslev, M.J., (1951) “Time Lag and Soil Permeability in Ground-Water Observations” Bull.No.36, Waterways
Exper.Sta. Corps of Engrs, U.S. Army, Vicksburg, Mississippi, pp1-50.
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Table 3
Falling / Rising Head Test Results

Bore ID Aquifer Hydraulic Conductivity

d m/sec ! m/day
DRWBO1 5.52 x 10° i 4.68 x 10
Granodiorite 3 : =

DRWB03 1.01x 10 ; 8.69 x 10
DRWBO02 Regolith 2.34x 107 | 2.02x 10”
DRWB04 (weathered zone) 1.52x 10° ; 1.31x 10™
DRWB07 6.09x 107 i 5.26 x 107
Alluvium/Regolith Z i >

DRWBO08 5.60 x 10 5 4.84 x 10

7.5 BORE CENSUS

A census of privately owned water bores/wells located within the Project Site and surrounding
area was undertaken by the Proponent. The purpose of the bore census was to gather
information on bores/wells within the potential zone of depressurisation created by dewatering
of the proposed Dargues Reef underground mine. The results of the bore census are given in
Appendix 4 and are discussed in Section 10.1.2.

8. PREVIOUS STUDIES

No previous groundwater studies of the area surrounding Majors Creek have been found,
however detailed investigations have been undertaken of a similar hydrogeological regime
around the township of Araluen located about 20km south-east of the Project Site. Araluen is
located on alluvial flats of Araluen River of which Majors Creek is a tributary. The alluvial flats
contain historic gold workings and overlie the Braidwood Granodiorite, and as such the
groundwater regime is similar to that of the Majors Creek area.

The NSW Department of Land and Water Conservation (DLWC) undertook studies of the
groundwater regime around Araluen in 1999° and 2000°, with the objective of developing a
groundwater management plan as the township was largely dependent on groundwater and
groundwater levels were declining. Field investigations were undertaken to develop an
understanding of the groundwater system and address community concerns with respect to
water quality, resource availability, extraction and user conflicts. The investigation found that
the alluvium at Araluen is up to 10m thick and overlies weathered granodiorite. The majority of
groundwater is accessed from the unconsolidated sediments; the alluvium and the weathered
granodiorite.

® Pritchard S., (June 1999), “Araluen Groundwater Status Report”, Dept of Land and Water Conservation (draft).

* Pritchard S and Russell G.N., (March 2000), “Araluen Groundwater Investigation, Water Quality Sampling Report”,
Dept. of Land and Water Conservation.
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9. GROUNDWATER REGIME — EXISTING

ENVIRONMENT

The following description of the groundwater regime — existing environment of the Project Site
and surrounds is based on the site geology, data obtained from the field investigation program
and resource exploration holes and from the studies undertaken at Araluen which, as
discussed, is located in a similar hydrogeological regime dominated by the Braidwood
Granodiorite as the Project Site.

9.1 GROUNDWATER OCCURRENCE

Based on the geology and bore data, it is assessed that there are three aquifer systems, viz:

e a shallow aquifer associated with the Majors Creek alluvial deposits, that is an
alluvial aquifer system;

e a shallow aquifer within the upper weathered zone (regolith) of the granodiorite;
that is a regolith aquifer; and

e an aquifer associated with the fracture systems of the granodiorite, that is a
fractured rock aquifer system.

The aquifer systems, their characteristics and relationship (connectivity), are discussed in the
following sections.

9.2 FRACTURED ROCK AQUIFER (GRANODIORITE)
9.2.1 Distribution

The granodiorite occurs across the whole of the Project Site and surrounding catchments. As
discussed, an aeromagnetic survey has shown major fracture systems within the granodiorite,
some of which have been intruded by dykes with which the gold mineralization is associated.
The granodiorite can be categorized into the following hydrogeological units:

e hydraulically “tight” massive granodiorite which has little or no primary
permeability and which is essentially dry; and

¢ localised fracture or fault systems which are open and transmit groundwater flow.

922 Groundwater Yield

Yields from the granodiorite can be quite variable, ranging from very minor seepage up to 2L/s,
the former representing “tight” massive granodiorite and the latter an open fracture system.
The Proponent reports that some exploration holes drilled in the Dargues Reef area
intercepted “strong” or “high” water inflows, which are thought to be related to the fracture
system of the orebody and/or the proximity to flooded underground workings.

In summary typical yields from the granodiorite are very low (seepage only) with random
higher yields associated within the intersection of a fracture system, the yield depending on the
number of fractures intersected and the nature of the fractures, that is the width, extent and
interconnection with other fractures, and whether they are open or have been infilled.
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9.2.3 Hydraulic Parameters

Rising head tests undertaken on the two deep monitoring bores (>60m deep) (DRWB01 and
DRWBO02) installed during the field investigation indicated a hydraulic conductivity range of
8.7 x 10°m/day to 4.7 x 10*m/day (1.0 x 10® to 5.5 x 19°m/s), indicating the rock mass is
virtually impermeable. However as stated where open fractures occur the rock is of much
higher permeability. Calibration of the numerical model as described in Section 12.4.4
indicates that the fracture zones have a hydraulic conductivity 3 orders of magnitude higher
than the rock mass. There has been no field testing to confirm this, but as fracture permeability
is likely to be highly variable the results from a few field tests would not be meaningful and
therefore the model calibration provides a more uniform average.

9.3 REGOLITH AQUIFERS
9.3.1 Distribution and Yield

The weathered zone or regolith occurs over the extent of the granodiorite rock mass and
covers the whole of the Project Site and surrounding catchments. As discussed weathering
generally occurs to a depth of about 15m, but may be deeper beneath the major drainage lines
of Majors Creek and Spring Creek. The paired monitoring bores installed in the regolith and
granodiorite indicate that the two aquifers are in direct hydraulic connection and that
groundwater in the regolith is not perched, that is, groundwater levels are the same in both
aquifers.

It is reported that groundwater is intersected in exploration holes towards the base of the
weathered zone and that yields from this zone are variable but low (G. Cozens pers. com).
Monitoring bore DRWB02 and DRWBO04 constructed in the regolith provided an airlift yield
during development of about 0.2L/s.

9.3.2 Hydraulic Parameters

Falling head permeability tests undertaken on monitoring bores DRWB02 and DRWB04
indicate a hydraulic conductivity range of 2.0 x 102 to 1.3 x 10"'m/day (2.3 x 107 to
1.5 x 10°m/s) which is consistent with the yield obtained from the bore. The low permeability
and low yield are consistent with the weathered material being described as limonite/haematite
stained decomposed granodiorite consisting of partially weathered feldspar, quartz and
hornblende.

94 ALLUVIAL AQUIFERS AND COLLUVIUM
94.1 Distribution

Alluvium consisting of arkosic sand and clay with granite boulders occurs along Majors Creek
where it has been extensively reworked by alluvial gold mining. This has resulted in thick
mullock heaps in some areas and exposed bedrock in other areas of the creek bed, as shown
on Figure 3. Three monitoring bores were established in the alluvium of Majors Creek, namely
DRWB06, DRWB07 and DRWBO08 which indicate a thickness of alluvium or reworked material
over weathered granodiorite of 1m, 6m and 5m respectively, with the saturated thickness
varying from 0.3m to 3.7m. Monitoring bore DRWBO07 which penetrated 6m of alluvium was
drilled on the top of a flat mullock heap (see photo in Appendix 2), and that actual thickness of
in-situ alluvium at this site prior to gold mining was probably only 2m to 3m.
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Figure 3 Alluvium and Mullock Heaps of Reworked Alluvium along Majors Creek

The alluvium along Majors Creek varies between about 60m to 200m in width, with an average
width of about 100m, as indicated by mapping undertaken by the Proponent shown on
Drawing Nos. 3, 4 and 5.

The mapping also shows narrow bands of colluvium along Spring Creek and other tributary
creeks which have been deposited as colluvial slope wash over regolith. The colluvium is
generally less than 1m in thickness.

94.2 Groundwater Yield

As stated, the alluvium along Majors Creek has been reworked by gold mining and is of
relatively thin saturated thickness. Airlift yields during development of the three monitoring
bores were less than 0.75L/s.

With the exception of Spring Creek, the colluvium is generally unsaturated except after rainfall
runoff events. The colluvium along Spring Creek contains groundwater as a result of discharge
from the spring located in the upper part of the catchment.

9.4.3 Hydraulic Parameters

Falling head permeability tests were undertaken on the two monitoring bores that intersected
the greatest thickness of alluvium, DRWB07 and DRWBO08. These bores were screened in the
alluvium and partly in the underlying regolith material, but the gravel filter in the annulus
extends over the fully saturated thickness of alluvium. The falling head tests indicated a
hydraulic conductivity of about 5 x 10?m/day (6 x 10"m/sec) which is quite low, consistent with
the alluvium being weathered arkosic sand, clay and granodiorite boulders. The falling head
tests indicate that the alluvium has a similar, although slightly lower permeability than that of
the regolith which is probably indicative of the fact that much of it has been reworked by gold
mining, destroying any clean, permeable sand and gravel channels.
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9.5 SPRING CREEK SPRING

As its name suggests, a spring is located on Spring Creek in the upper part of the catchment at
74119mE, 6063864mN (MGA94, Z56). The spring occurs as minor seepage in the bed of the
creek which is quite steeply incised, as shown on Figure 4. Flow in Spring Creek is measured
periodically by the Proponent using a 90° V-notch weir established on a concrete pipe culvert
that passes under an access track, which crosses the creek in the vicinity of the Dargues Reef
workings. The V-notch weir shown on Figure 4 is located at 749004mE, 6063011mN (MGA94,
Z56), about 1km downstream of the spring.

The flow data recorded from the V-notch weir is shown on Figure 5 together with rainfall data
collected from the weather station established by the Proponent. The flow data indicates that
surface runoff from rainfall events is the prime contributor to flow in Spring Creek. As
discussed the spring appears as minor seepage only in the base of the creek, forming a
wet/damp area with associated vegetation. The flow data indicates base flow in Spring Creek,
that is groundwater discharge, is less than about 0.3L/s.

Figure 4 Spring Site on Spring Creek (left), V-Notch Weir to Measure Creek Flow
(right)

9.6 RECHARGE, GROUNDWATER FLOW AND DISCHARGE
Pritchard and Russell (2000)* state that “for the Araluen area comparison of rainfall data with

recorded groundwater levels from the nine DLWC monitoring bores, shows a rapid response of
both the alluvial and weathered granodiorite aquifer systems to precipitation events”.
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The regolith and fractured granodiorite aquifer systems depend on rainfall for recharge with
rainfall infiltrating the regolith and gradually migrating to the fractured rock system. Monitoring
has shown that the regolith and fractured rock system are in hydraulic connection with water
levels in the paired monitoring bores installed by the Project showing the same elevation, that
is, groundwater in the regolith is not perched.

The water table is a subdued reflection of the topography, with an elevated water table in
topographically high areas grading towards the creeks and steeply incised gullies. Water level
data from the monitoring bores and open exploration holes indicate a water table elevation of
about 715m AHD in the northern sector of the Project Site, grading to about 663m AHD at
Dargues Reef and to about 630m AHD at Majors Creek. The water table contours and the
bores and groundwater levels measured in the bores, used to develop the contours, are shown
on Drawing No. 5. The water level data are summarized in Appendix 5.

The groundwater flow direction is from the area of elevated water table towards the gullies and
creeks, with Majors Creek being the prime discharge zone of the regolith/fractured granodiorite
in the Project Site. Spring Creek is also a groundwater discharge area and as its name
suggests, and as discussed, contains a small spring in its upper catchment as shown on
Drawing No. 4.

The alluvium in Majors Creek is primarily recharged by discharge from the regolith and
fractured rock aquifer system. The alluvium may also be recharged by surface runoff from the
side slopes of the creek and direct rainfall on the alluvium provides a minor contribution to
recharge.
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It is assessed that flow in Majors Creek for the majority of time is baseflow, primarily
associated with discharge from the regolith/fractured rock aquifer system, and to a lesser
extent by discharge from the alluvium.

Based on isotope analysis DLWC (2000)* concluded that at Araluen less than 40% of the flow
in Araluen River was from rainfall (surface runoff), with the larger component being from
shallow or deep groundwater, that is discharged from the aquifers.

10. GROUNDWATER USE, QUALITY AND
ENVIRONMENTAL VALUE

10.1 GROUNDWATER USE

10.1.1 NOW Database

A search of the NSW Office of Water (NOW) database of registered bores and wells within a
5km radius of the Project area indicates that there are 13 registered bores within this radius, as
shown on Figure 6 and summarized in Table 4. Figure 6 indicates that the nearest registered
bore is about 1.5km from the proposed Dargues Reef Mine and that the majority are located
within the township of Majors Creek. The registered bores are primarily licensed for
domestic/stock use although one has an irrigation license. The prime aquifer is fractured
granite and yields from the bores are generally less than 0.5L/s. The water quality is reported
to be good to fresh.

10.1.2 Bore Census

In recognition that not all existing bores are registered, a census of existing privately owned
bores and wells was undertaken by the Proponent in the area surrounding the Project Site. A
total of 25 bores or wells were located, of which 11 are within the township of Majors Creek as
shown on Drawing No. 9. A number of these bores/wells may be the same bores as those
registered with NOW, shown on Table 4 above, the majority of which are also located in the
township of Majors Creek, but there is insufficient data to know which ones.

The bore census indicates that the majority of bores are within regolith or granodiorite and that
only one or two are in the alluvium of Majors Creek. The facilities vary from shallow wells to
bores greater than 30m deep and the uses appears to vary from stock watering to watering of
gardens and in one case (Bore No. 3), the water is used for human consumption.

The bore census data is given in Appendix 4.
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Figure 6 Plan showing NOW Registered Bores
Table 4
Registered Bores within 5km Radius of Project Site
i Location Yield
Registered Licence No Depth Salinity | Aquifer Purpose
No. (mE) (mN) (L/s)
GWO068171 | 10BL145435 | 6061192 748395 30.5 0.5 good rock Domestic/stock
GW102227 | 10BL143300 | 6060813 749487 32.0 0.63 | good rock Domestic/stock
GWO056584 | 10BL123006 | 6060620 748155 22.9 0.37 nr granite Domestic
GW100156 | 10BL143235 | 6060612 748432 47.0 1.39 | good granite Domestic/stock
GW105658 | 10BL156472 | 6060494 748645 30.0 nr nr granite Domestic
GW110023 | 10BL165780 | 6060331 748872 90.0 0.19 nr granite Domestic
GW101854 | 10BL143159 | 6060186 748542 32.0 0.22 | good rock Domestic/stock
GWO053979 | 10BL136471 | 6060073 748971 45.7 0.05 | good granite Domestic/stock
GW109325 | 10BL164918 | 6060885 746021 75.0 nr nr nr Domestic
GW100096 | 10BL143635 | 6060630 745234 48.7 nr nr nr Domestic/stock
GW102353 | 10BL159149 | 6065972 751985 6.0 nr nr nr Irrigation
GW107131 | 10BL164683 | 6067285 751564 36.0 1.06 | fresh granite Domestic/stock
GWO069046 | - 6067304 753712 62.0 0.42 good granite Domestic/stock
Note: nr = not recorded

co-ordinate projection MGA 94, Zone 56
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10.2 GROUNDWATER QUALITY AND ENVIRONMENTAL VALUE

10.2.1 Terminology

An assessment was made of the groundwater quality in terms of Australia New Zealand
Environment Conservation Council (ANZECC) criteria and environmental value. The ANZECC
(2000)° guideline refers to “environmental value” rather than “beneficial use” which is often
used, and state that the term beneficial use has lost favour because of its exploitative
connotations. For this reason the term “environmental value” has been adopted by the National
Water Quality Management Strategy (NWQMS). The following environmental values are
recognised in the NWQMS Guidelines:

e aquatic ecosystems;

e primary industries (irrigation and general water uses, stock drinking water,
aquaculture and human consumption of aquatic foods);

e recreation and aesthetics;
e drinking water;
e industrial water; and

e cultural and spiritual values.

The guidelines state that “where two or more agreed environmental values are defined for a
water body, the more conservative of the associated guidelines should prevail and become the
water quality objective”. The assessment of “environmental value” given in this report is based
on this guideline.

10.2.2 Groundwater Quality
10.2.2.1 Overview

The results of analyses of water samples collected from the monitoring bores, from the spring
on Spring Creek and from Dargues Shaft (Drawing No. 4) are given in Table 5 and are
compared with the ANZECC (2000)5 guidelines for aquatic ecosystems associated with upland
rivers in south-east Australia. The metals analyses are compared with the ANZECC (2000)5
guidelines for aquatic ecosystems (freshwater species), with trigger values for 95% protection.

10.2.2.2 Granodiorite and Regolith Aquifer

Groundwater quality of the fractured granodiorite was measured from two of the installed
monitoring bores and from the Dargues Reef Shaft. The table indicates that the Electrical
Conductivity (EC) is quite variable ranging from 530uS/cm in DRWB01 to 4300uS/cm in
DRWBO03, with the water quality from the Dargues Reef Shaft being 1260uS/cm. It should
however be noted that the water quality in bore DRWB03 may be anomalous as the EC was
decreasing as more water was bailed from the bore, however a stabilized EC was not reached
before collecting the sample as the bore took 2-3 days to recover each time it was bailed dry.

5 Australian and New Zealand Environment and Conservation Council, (2000), “Australia and New Zealand
Guidelines for Fresh and Marine Water Quality”. National Water Quality Management Strategy, Chapt. 3 Aquatic
Ecosystems.
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The reason why the EC is high is not known as the drilling contractor only used air for drilling
the hole. Therefore if DRWBO03 is excluded, the EC of the fractured granodiorite probably lies
in the range 530uS/cm to 1250uS/cm.

Table 5
Summary Groundwater Quality Data

Sample ID DRWB DRWB DRWB DRWB DRWB DRWB Spring 1 Dargues | ANZECC

01 02 03 04 07 08 Shaft (2000)
Sample Date 22/04/10 | 22/04/10 | 21/04/10 | 22/04/10 | 22/04/10 | 22/04/10 | 22/04/10 | 21/12/09
Aquifer Unit g?gﬁt(: regolith g?gﬂt(: regolith alluvium alluvium regolith g?gﬂt(:
pH value pH 8.2 73 122 7.0 7.0 7.6 74 7.11 65-75
Electrical Conductivity | pS/cm 530 1300 4300 360 630 410 270 1260 30- 350
Sécg;%%?te Alkalinity | oy 199 133 <01 70.7 127 123 79.1
gg[:b&”ate Alkalinity as | 0 | g1 <01 187 <01 <01 <01 <01
ggg’:‘ide Alkalinity as | - oy <0.1 <0.1 654 <01 <01 <01 <01
E‘;t(i:"gs Alkalinity  as | 0 199 133 841 7 127 123 79 516
Chloride mg/L 44 300 48 51 57 32 22
Sulphate mg/L 15 35 50 14 110 37 10
Calcium mg/L 54 110 150 26 56 42 17
Magnesium mg/L 14 48 <0.05 10 24 7.3 6.5
Sodium mg/L 34 58 310 22 31 24 23
Potassium mg/L 1.3 1.8 14 0.6 14 11 0.3
Nitrate as N mg/L 0.14 3.2 13 2.1 <0.01 <0.01 2.8 07
Nitrite as N mg/L 0.02 <0.01 0.03 <0.01 <0.01 <0.01 <0.01
Total Oxidized Nit. as N mg/L 0.16 3.2 13 2.1 <0.01 <0.01 2.8
Total Phosphorus as P mg/L 0.16 0.71 0.21 0.06 0.27 0.41 0.14 0.02
Arsenic mg/L 0.001 <0.001 0.0055 <0.001 0.002 <0.001 <0.001 <0.001 0.013
Cadmium mg/L | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0001 | 0.00002
Chromium mg/L <0.001 <0.001 0.039 <0.001 <0.001 <0.001 <0.001 <0.001 0.0001
Copper mg/L 0.0006 0.0007 00011 | <0.0005 | 0.0007 0.0005 | <0.0005 0.005 0.0014
Lead mg/L 0.0012 | <0.00005 | 0.00019 | 0.00006 | <0.00005 | <0.00005 | <0.00005 | 0.002 0.0034
Mercury mg/L | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | 0.0006
Nickel mg/L 0.002 0.003 0.004 <0.001 0.002 0.003 <0.001 <0.001 0.011
Zinc mg/L 0.012 0.006 0.006 0.014 0.12 <0.005 <0.005 0.054 0.008
Note: shaded cells = exceedance of the ANZECC guidelines

The EC of the shallow regolith groundwater varies from 360uS/cm at DRWB04 above the
spring on Spring Creek to 1300uS/cm at DRWBO02. The EC of the spring was 260uS/cm which
probably reflects some dilution from surface runoff. Therefore based on the two bore samples
the regolith has a similar EC range to that of the granodiorite; 360uS/cm to 1300uS/cm.

The pH of both the regolith and granodiorite is neutral to slightly alkaline, generally in the range
pH 7.0 — 8.2, however the deep granodiorite bore DRWBO03 is similarly anomalous with a
highly alkaline pH of 12.2.

Nitrate as N and total Phosphorus exceed the ANZECC 2000 guideline trigger value for 95%
protection of upland rivers in all samples, and this is probably related to the agricultural use of
fertilizers for pasture grasses.
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The metal concentrations are all below the trigger values for 95% protection with the exception
of zinc in some bores, as shown on Table 5.

10.2.2.3 Alluvial Aquifer

The EC of groundwater collected from the alluvium and immediate underlying regolith at the
base of Majors Creek varied between 410us/cm to 630uS/cm, possibly reflecting dilution of the
baseflow discharge from the granodiorite/regolith aquifers by surface runoff. The pH is slightly
alkaline in the range pH 7.0-7.6. Nitrates are below ANZECC (2000) trigger values but total
phosphorus concentrations of 0.27mg/L and 0.41mg/L in monitoring bores DRWBO07 and
DRWBO08 respectively, significantly exceed the trigger value of 0.02mg/L.

The metal concentrations are below ANZECC trigger levels again with the exception of zinc
which exceeds the trigger value in one of two samples.

10.2.3 Environmental Value

The water quality data indicates that the groundwater in the alluvial aquifer is suitable for
human consumption due to an EC of less than 630uS/cm, that is a total dissolved salt (TDS)
concentration of less than about 420mg/L. In contrast the TDS of the groundwater in the
granodiorite and regolith is generally above the accepted cut off for potable water of 500mg/L
and is primarily used for stock watering. However, the NOW database and the bore census
indicates that groundwater in the area is used for both domestic purposes as well as for stock
watering. Therefore the environmental value of groundwater of the alluvial, regolith and
granodiorite aquifers has been classified as “primary industry”, and to a lesser extent “drinking
water”. The environmental along Majors and Spring Creeks where there is permanent flow
from groundwater discharge could be classified as “aquatic ecosystems”.

11. MINE DEVELOPMENT ANDOPERATIONAL
WATER REQUIREMENTS

111 PROPOSED MINING METHOD AND MINE INFRASTRUCTURE

It is proposed that mining of Dargues Reef will be undertaken using an underground mining
method with a permanent crown pillar left between the surface and underground working that
will minimize the risk of subsidence. Access to the mine will be gained by a box-cut,
development of a portal in competent rock and development of a 1 in 7 decline with sub-levels
at 25m floor to floor intervals. The mine will be about 500m deep.

Mining of the ore will be achieved using sub-level, open stoping mining, with each sub-vertical
stope being mined as a series of panels. Once sections of underground mining have been
completed, mined out stopes will be backfilled using waste rock material with sections of some
stopes being cement stabilized.

Surface facilities will include:

e a processing plant that includes ROM storage, workshop etc;
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o tailings storage facility approximately 9.3ha in area;

e atemporary waste rock emplacement area.

The surface facilities are shown on Figure 7.

11.2 MINING RATE

The mine will have a life span of five years with a planned depth of about 500m. The decline
development and volume of rock mined by year is summarized in Table 6.

Table 6
Indicative Mining Rate / Mine Development

Year Tonnage Mined (Ore & Waste) | Decline Level

(tonnes) (RLm)

0 - ~670

1 326,750 400

2 360,000 169

3 494,250 169

4 371,750 169

5 108,500 169

The decline will reach total depth by the end of Year 2 and will be followed by sub-level open
stoping mining. The mine design and method are illustrated on Figure 8.

11.3 OPERATIONAL WATER SUPPLY
11.3.1 Water Requirements

Maximum operational water requirements for mineral processing, dust suppression,
underground mining and workshop wash-down purposes have been estimated to be
approximately 885ML/year. Of this approximately 755ML/y can be reclaimed from the tailings
storage facility. Therefore approximately 130ML/y of make-up water will be required as a
maximum. This water will be sourced from the Proponent’s harvestable right and groundwater.

In a separate study undertaken for this Project by Strategic Environmental and Engineering
Consulting (SEEC, 2010 - presented as Part 4 of this Specialist Consultant Studies
Compendium), modelling of surface water availability from the Proponent’s harvestable right
indicate that dewatering of the Dargues Reef Mine and extraction of water from the proposed
harvestable rights dams could supply the entire water requirements for the operation 85% of
the time. The remaining water required for operational purposes, will be required to be
sourced from groundwater. Potential groundwater sources include the following.

e Dewatering of the Dargues Reef Mine, both existing workings and those
proposed by the Proponent;
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e Dewatering of groundwater stored in flooded workings in the southern sector of
the Project Site, that is the shafts and stopes of the former Snobs, Stewart and
Mertons and United Miners mines (Drawing No. 2);

e Extraction from dedicated water supply bores.
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Figure 8: Longitudinal Projection of Proposed Mine (left)
Schematic Sublevel Open Stoping Mining Method (right)

As discussed NOW have advised that the embargo on the alluvial aquifers and surface water
in the vicinity of the Project Site does not apply to the fractured rock system or regolith, or to
obtaining water from the old mine workings “as long as no alluvial groundwater is intercepted
in the process”.

11.3.2 Flooded Historic Workings

The Proponent provided volumes of the stoped area for Snobs, Stewart and Mertons and
United Miners workings which were worked between 1850 and 1939 and which are currently
flooded. The stope shapes and volumes are based on historic plans which show that Stewart
and Mertons and United Miners are interconnected. A summary of the void volumes of each
mine based on the mine plans is presented in Table 7. Table 7 indicates that the total void
volume of the old mines is about 82,000m>. However, in order to obtain a conservative
estimate of the volume of recoverable water for operational purposes, the void volumes have
been discounted by 60%. This allows for:

e the groundwater level being up to 30m below surface, meaning that the top
section of the voids are not flooded, and

e not all water would be recoverable.

The estimated recoverable water stored in the shafts is therefore about 50ML.
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Table 7
Summary of Old Mine Data
Shaft Location Shaft Elevation Void Est.
(RLm) Depth SWL Volume Recoverable
Mine ; ;
: i m3 Water
(mE) | (mN) Surface : Bottom (m) (RLm) (m3)
| | (mL)
Snobs 748081 56062070 695.7 § 543.9 151.8 665 38,100 23
Stewart & Mertons 748415 | 6061916 | 674.7 | 590.5 84.2 645 17,160 10
United Miners 748534 | 6061878 | 661.2 | 5335 127.7 645 26,900 16
TOTALS 82,160 49

Note: i) SWL = static water level

A section through of the historic mine workings is shown on Figure 9.

SNOBS STEWART & MERTONS UNITED MINERS

RLET4.Tm

Figure 9 West — East Section through the Historic Workings

12. NUMERICAL GROUNDWATER MODEL
12.1 MODELLING OBJECTIVES

Predictive numerical modelling was undertaken to assess the impact of the proposed Dargues
Reef Gold Project on the groundwater regime. The objectives of the predictive modelling were
to:

e assess groundwater inflow to the mine as a function of mine position and timing;

e assess groundwater inflow to the old mine workings and the volume and
sustainability of a make-up supply from this source;

e simulate and predict the area of influence of mine dewatering and mine water
supply, and the level of drawdown at specific locations;

e predict the impact of mine dewatering and mine water supply on the alluvial
aquifer;

Australasian Groundwater and Environmental Consultants Pty Ltd




SPECIALIST CONSULTANT STUDIES 3-39 BIG ISLAND MINING PTY LTD
Part 3: Groundwater Assessment Dargues Reef Gold Project
Report No. 752/05

e predict the impact of mine dewatering on other groundwater users, both human
and groundwater dependent ecosystems (GDEs); and

e identify areas of potential risk where groundwater impact mitigation/control
measures may be necessary.

12.2 CONCEPTUAL MODEL

Key to the success of the modelling exercise is the adequate conceptualisation of the aquifer
system. The conceptualisation needs to account for the model objectives to ensure the
resulting model is “fit for purpose”.

The conceptual model is the basic idea of how the groundwater system operates given the
available data, and is an idealised and simplified representation of the natural system. It
includes all essential features of the system, that is, the hydrogeological regime as described
in Section 9.0, to an appropriate level of detail. Extensive information on the natural system is
typically required to develop an equivalent and simplified conceptual groundwater model
representative of the system. Formulation of the conceptual model often highlights gaps in
data or deficiencies in understanding of the groundwater system.

“A conceptual model contains numerous qualitative and subjective interpretations. The
appropriateness of the conceptual model cannot be tested until a numerical model is built and
comparisons between field observations and model simulation results are made” (Zheng and
Bennett [1995])°.

The conceptual groundwater model of the Project Site, illustrated on Figure 10, was
developed from the description of the hydrogeological regime as given in previous sections.

Recharge

Spring Creek

Regolith
Fault Line
Majors Creek

Alluvium

vvvvvv

Proposed Dargues Reef B R e
Gold Mine A

Granadiorite Granodiorite

Figure 10 Conceptual Model of Groundwater Regime

6 Zheng C. and Bennett G., (1995), “Applied Contaminant Transport Modelling”. Wiley, New York.
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The conceptual model of the region encompasses the area of the granodiorite subcrop and a
veneer up to 15m thick of weathered granodiorite; the regolith. Thin Quaternary alluvium is
associated with the Majors Creek whereas thin colluvial deposits and regolith form the base of
Spring Creek and other tributary creeks.

The conceptual model therefore includes the three aquifer systems:

¢ the granodiorite or fractured rock aquifer system;
¢ the shallow weathered rock (regolith) aquifer; and
e alocalized aquifer system associated with the alluvial deposits of Majors Creek.

Recharge of the regolith aquifer and the alluvium occurs from rainfall infiltration whereas
recharge of the granodiorite occurs by direct infiltration of rainfall in outcrop area and through
seepage from the regolith. Similarly recharge of the alluvium occurs by direct infiltration of
rainfall, discharge from the regolith and granodiorite aquifers and some runoff from the creeks
side slopes. Some discharge from the aquifers may also occur through evapotranspiration
where deep rooted remnants of the native vegetation remain.

12.3 MODEL DEVELOPMENT
12.3.1 Model Code

Decisions on the modelling code were made in conjunction with the formulation of the
modelling approach discussed in Section 12.3.2. Numerical simulation of groundwater flows in
the aquifers for the Project Site was undertaken using the MODFLOW SURFACT code
(referred to as SURFACT for the remainder of the report). A commercial derivative of the
standard MODFLOW code, SURFACT is distributed by HGL’ and has some distinct
advantages over MODFLOW,; advantages that are critical for the simulation of groundwater
flow at the Project Site.

The MODFLOW code (on which SURFACT is based) is the most widely used code for
groundwater modelling and is presently considered an industry standard. Use of the
SURFACT modelling package is becoming increasingly widespread, particularly in mining
applications where groundwater dewatering and recovery are simulated.

First and foremost, SURFACT is capable of simulating unsaturated conditions. This is critical
for the requirements of the proposed Dargues Reef Gold Mine where the fractured granodiorite
will progressively be dewatered with time until the end of mining when active dewatering will
cease and groundwater recovery will rewet the drained fractures. SURFACT is also supplied
with more robust numerical solution schemes to handle the more complex numerical problem
resulting from the unsaturated flow formulation. Added to the more robust numerical solution
schemes is an adaptive time-stepping function that aides the progression of the solution past
difficult and complex numerical situations such as oscillations.

The MODFLOW pre- and post processor PMWIN (Chaing and Kinzelbach, 1996)% was utilised
to generate some of the input files for the SURFACT model, such is the similarity between it
and the standard MODFLOW. Where files differ to allow for the additional capabilities of
SURFACT, these changes were undertaken through manual editing of the model files.

" Hydrogeologic Inc., MODFLOW SURFACT Software (Version 3.0), Herdon, VA, USA.

8 Chaing W.H. and Kinzelbach W., (1996), “Processing MODFLOW for Windows”.
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12.3.2 Modelling Approach

The methodology for predicting the inflows into the Dargues Reef Gold Mine and to the old
mine shafts, if they are used for a make-up water supply, involves the construction and
calibration of an appropriate groundwater model, and then using that model to predict changes
to the groundwater regime resulting from the activities.

The conceptual mining schedule received from the Proponent equates to 5 years of mining to
a depth of about 500m below surface as discussed in Section 11.2. Although the mined stopes
would be progressively backfilled with waste rock with some sections being cement stabilized,
it was assumed for modelling purposes that the permeability of the stopes was sufficiently high
compared to the in-situ rock mass to allow the whole of the mine to be simulated as an open
void. That is, progressive parameter adjustments; changes to hydraulic conductivity to
represent the mined stopes and zones of enhanced hydraulic conductivity caused by the waste
rock emplacement were not made as the stopes were backfilled.

Mine dewatering is simulated in SURFACT through the drain (DRN) package. This involves the
setting of a reference elevation and a conductance term. Groundwater levels in the model are
compared to the reference elevation in each cell and when the groundwater level is above the
reference level water is removed from the model domain at a rate determined by the head
difference and the conductance. In the case of Project, the drain cells used to simulate
dewatering are set to a reference level determined by the progressive rate of mine
development, that is, the rate at which the depth of the mine increases. A nominally high drain
conductance rate (~1000m?/d) is used to facilitate free drainage conditions from the strata and
ensure the groundwater level is lowered to the reference level, hence dewatering the mine to
that level.

12.3.3 Model Geometry

The model domain was discretised into rectangular cells arranged into 7 layers comprising 221
columns and 184 rows. There are 40,664 active cells in each layer with the dimensions of the
cells varying approximately from 12.5m by 12.5m within the mining area and area of the old
mines, up to 100m by 120m at the extremities of the model, as shown on Drawing No. 6. The
model extent varies from about 7km from west to east and is about 6km from north to south,
covering an area of approximately 42km?.

The model grid was rotated by 30 degrees at the north-west corner (744159mE and
6063540mN) in order to align it with the north-westerly major drainage lines and south-easterly
direction of groundwater flow in the shallow aquifer.

The thirty-metre grid Digital Elevation Model data downloaded from ASTER Global DEM data
(wist.echo.nasa.gov) was used to interpolate the surface elevation and hence surface of the
model. The elevation of the surface of the model area ranges from 465m AHD in the south-
east to 780m AHD in the north-east.
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The model consists of seven model layers in total representing the three groundwater bearing
units. Layer 1 represents localized alluvial deposits and weathered bedrock, with a thickness
varying from 1m to 3m. Layer 2 represents the weathered bedrock (regolith) with the base
being 15m below ground level. Layers 3 to 7 have the same hydraulic properties and represent
the granodiorite. The bottom elevation of Layers 3 to 7 are respectively 50m, 100m, 200m,
300m and 600m below the ground surface. The base of the model was set at 600m below
ground level. The model layers are shown on Figure 11.
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Figure 11 Model Layers

As discussed the faults and lineaments shown on Drawing No. 3, which were mapped or
interpreted by the Proponent are zones of weakness and appear to control drainage patterns
within the Project Site and surrounds. They are also groundwater bearing zones as indicated
by anecdotal information that where intercepted by exploration drill holes, the holes yield
water. The faults and lineaments are represented in the model as zones with higher hydraulic
conductivity values from the surrounding strata. As there is a large of number of faults and
there is little data to enable the hydraulic characteristics of each individual fault to be
characterized, all fault zones were assumed to have the same hydraulic conductivity value.

12.3.4 Boundary Conditions

Water entering or leaving the model domain is simulated through the actions of boundary
conditions. The specific boundary flows and their representation in the model are discussed
below.

No Flow Boundaries

The model area consists predominantly of granodiorite and weathered granodiorite (regolith)
which typically have a low hydraulic conductivity. Therefore, groundwater flow in pristine
conditions is likely controlled by topography, that is, the groundwater divide is coincident with
the surface water divide. The model is large enough to cover the catchments within the Project
area draining to Majors Creek and the boundaries are far enough from the mine site so that the
modelling results are unlikely to be affected by the boundary. The model boundaries on all four
sides and the base of the model were assigned as no flow boundaries. A “no flow” boundary
does not allow any exchange of water between the model domain and the surrounding areas.
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Recharge

Recharge of the regolith and alluvial aquifers was modelled using SURFACT’s RCH Package
where recharge enters the model domain through injection wells located at the centre of the
assigned cells. Recharge to the regolith and alluvium from rainfall was applied to Layer 1 of the
model domain. The rate of recharge to the aquifers was not known and was therefore obtained
during model calibration as is described in detail in Section 12.4.3.

Discharge

In pristine conditions, groundwater discharges into the creeks. This process was simulated
using SURFACT “drain” cells. The drain elevation was taken from the Digital Elevation Model
(DEM) and set at the surface elevation along the drainage lines. A nominally high drain
conductance of 1,000m?day was applied to the drain cells.

As discussed, dewatering of the Dargues Reef Mine during the mining operations was also
simulated using drain cells with a progressive decrease in drain cell elevation corresponding to
the mining progress.

The pumping from the old workings to augment the operational make-up water requirements
was simulated using the Fractured Well package of SURFACT using an equivalent well
diameter of 12m, which takes into account the storage of the old workings.

12.4 STEADY STATE MODEL CALIBRATION
12.4.1 Overview

“Calibration of a groundwater flow model refers to a demonstration that the model is capable of
producing field measured heads and flows, which are the calibration values. Calibration is
accomplished by finding a set of parameters, boundary conditions and stresses that produce
simulated heads and fluxes that match field measured values within an acceptable range of
error” (Anderson and Woessner [1992])°.

The objective of model calibration was to reproduce measured groundwater levels in Layer 1
and construct the starting head water levels for the regolith and granodiorite (Layers 2 to 7).
The accuracy of the model calibration depends on the quality of calibration parameters, and
the data defining the model domain such as aquifer geometry, boundaries, hydraulic properties
and stresses imposed on the aquifer. It is considered that the horizontal and vertical extent of
the model and model boundaries are sufficiently well defined to construct and calibrate the
Dargues Reef groundwater model.

Calibration of the model was achieved using the PEST software' and associated utilities.
Where model parameters and/or excitations need to be adjusted until model-generated
numbers fit a set of observations as closely as possible then, provided certain continuity
conditions are met, PEST (an acronym for Parameter ESTimation) will adjust model
parameters and/or excitations until the fit between model outputs and laboratory or field
observations is optimized in the weighted least squares sense.

® Anderson & Woessner (1992), "Applied Groundwater Modelling, Simulation of Flow and Advective Transport”.

' Doherty, J., (1996), “PEST Model Independent Parameter Estimation” Watermark Numerical Computing,
Brisbane.
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12.4.2 Calibration Targets

Groundwater level measurements from thirty five (35) open exploration holes within the Project
area and from the seven (7) monitoring bores were used as observation data for the calibration
of the model. The water levels in the open exploration holes were measured in February 2010
and check levels were made in late April 2010 at which time water levels from the monitoring
bores were also measured. Most exploration holes are angle holes and the measured water
level was corrected to vertical depth, as shown in Appendix 5. The location and elevation of
the collar of all exploration holes and monitoring bores had been surveyed, and therefore the
groundwater levels were considered accurate and reliable observations against which to
calibrate.

Long term monitoring had not been undertaken and therefore the calibration was performed as
a steady state calibration without any impact from mining. The recharge rate was varied within
an acceptable range and PEST was then run until the closest match between model predicted
water levels and field measured water levels was reached and acceptable hydraulic
parameters obtained.

A total of 42 water level data were used for calibration. Due to a lack of long term monitoring
data it was assumed that the water levels in the bores selected for steady state calibration
were representative of the long term average (steady state) groundwater levels. However,
fluctuations in groundwater level in the area are expected. A summary of the bores used in the
calibration process, comparison of observed and simulated groundwater levels in the Dargues
Reef model area and the difference between levels is presented in Table 8. A scattergram with
observed and calculated water levels is shown on Figure 12.
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Figure 12 Scatter Diagram: Calibrated versus Observed Groundwater Levels
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Table 8
Calibration Targets and Simulated Water Levels
Location Water Level (mAHD) Difference
Bore ID | .
(ME) (mN) Observed | Simulated (m)
DREX119 749228.3 6062886.2 667.8 670.286 -2.5
DREX124 749467.0 6062937.8 688.3 684.865 3.4
DREX130 748803.7 6062890.3 670.8 674.798 -4.0
DREX146 749000.9 6062601.9 654.3 657.542 -3.2
DREX147 748929.1 6062670.7 653.3 659.208 -5.9
DREX154 748905.5 6062838.5 662.7 664.384 -1.7
DREX155 748859.5 6062899.7 663.5 670.034 -6.5
DREX161 748913.0 6062894 .1 665.6 665.925 -0.3
DREX170 748895.8 6062963.7 669.1 675.565 -6.5
DREX174 748943.5 6062862.7 662.9 665.323 -2.4
DREX175 748944 .1 6062909.4 663.7 666.618 -2.9
DREX180 748977.0 6062904.0 661.1 666.424 -5.3
DREX184 749013.0 6062963.0 666.7 673.244 -6.5
DREX37 749139.5 6062828.1 665.6 666.249 -0.6
DREX58 749154 .4 6062926.9 665.4 670.251 -4.9
MCDDO032 749788.8 6061857.6 656.4 651.118 5.3
MCRCO001 749411.7 6063772.2 712 709.904 2.1
MCRCO002 749311.8 6063749.1 707 1 708.544 -1.4
MCRCO003 749514 .1 6063863.4 714.9 712.413 2.5
MCRCO005 749987.0 6063714.2 713.9 710.896 3.0
MCRCO007 750114.4 6063574.6 706.5 708.344 -1.8
MCRCO009 749684.4 6063392.6 706.6 703.713 2.9
MCRCO010 749698.6 6063375.1 708.9 703.48 5.4
MCRCO011 749506.7 6063674.9 7101 708.782 1.3
MCRCO015 749775.1 6061918.9 654.4 653.432 1.0
MCRCO018 749654.3 6061822.7 639.3 645.488 -6.2
MCRCO019 748215.8 6062053.9 660.8 658.692 2.1
MCRC020 748214.6 6062067.3 660.8 658.833 2.0
MCRC022 748137.8 6062103.2 663.6 663.899 -0.3
MCRC023 748153.8 6062128.6 661.8 663.489 -1.7
MCRC024 748116.2 6062134.0 670.1 665.72 4.4
MCRC025 748114.8 6062131.0 667.4 666.266 1.1
MCRC026 748110.1 6062115.1 672.6 666.213 6.4
MCRCO027 748476.1 6061998.2 650.2 643.835 6.4
MCRCO030 748045.9 6061985.8 668.4 667.471 0.9
DRWBO01 748681.1 6063944.8 705.8 712.398 -6.6
DRWB02 748676.6 6063945.8 705.8 712.398 -6.6
DRWBO03 749111.8 6063817.2 704.3 706.117 -1.8
DRWB04 749115.8 6063814.4 704.7 706.117 -1.4
DRWB06 748848.7 6061994.6 631.7 630.057 1.6
DRWBO07 748724.7 6061835.4 632.9 628.899 4.0
DRWBO08 749240.0 : 6061796.4 626.1 1 626.401 -0.3
Note: highlighted bores are monitoring bores installed by the Project - the remainder are open exploration
holes.
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12.4.3 Calibration Acceptance

An objective method to evaluate the calibration of the model is to examine the statistical
parameters associated with the calibration. One such method is by measurement of the error
between the modelled and observed (measured) water levels. A root mean square (RMS) is
considered to be the best measure of error, if errors are normally distributed. The RMS is
expressed as:

RMS=[L/ n3(h, —h,)? [

where: n = number of measurements
ho Observed water level
him Simulated water level

The RMS error calculated for the calibrated model is 3.9m.

The maximum acceptable value for the calibration criterion depends on the magnitude of the
change in heads over the model domain. If the ratio of the RMS error to the total head loss in
the system is small, the errors are only a small part of the overall model response, (Anderson
and Woessner)9. The total observed head loss within the model domain is 88.8m; therefore
the ratio of RMS to the total head loss is 4.4%. Considering the heterogeneous characteristics
of a fractured rock aquifer, this calibration error is considered to be acceptable.

12.4.4 Calibrated Recharge

The rate of recharge was adjusted to achieve calibration using PEST. The recharge values
that provided an acceptable calibration were 45mm/year (6.3% of the annual rainfall) to the
areas associated with the upper flatter slopes and hill tops, 20mm/year (2.8% of the annual
rainfall) to the steeper side slopes and 3mm/year (0.5% of the annual rainfall) to the low lying
and thin alluvial areas adjacent to Majors Creek, that is the groundwater discharge zone.
Recharge was applied uniformly throughout the year to correspond with the fairly evenly
distribution of rainfall pattern.

12.45 Calibrated Hydraulic Parameters

As discussed the hydraulic conductivity of the aquifers and of the faults was calibrated using
PEST. The hydraulic parameters of the model domain which resulted in the best calibration fit
and which fall into what is considered an acceptable range for the aquifers, based on the
falling head tests, records of groundwater yield and literature research, are as shown in
Table 9.

The calibrated hydraulic conductivity of the alluvium is 2.72m/day. This is higher than that
obtained from falling head tests of bores established in the bed of Majors Creek which gave a
hydraulic conductivity of 5 x 10m/day. However the material tested in the bed of Majors Creek
has been reworked by gold mining and has lost its primary porosity. In addition, as the alluvium
is quite thin, part of the bore screens are against the upper part of the underlying regolith and
therefore the hydraulic conductivity obtained from the falling head test is a composite of the
alluvium and regolith. The falling head tests were therefore undertaken on material that would
be expected to have a low hydraulic conductivity, not representative of undisturbed alluvium.
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The calibrated hydraulic conductivity of the regolith of 1.59 x 10"'m/day matches reasonably
well the hydraulic conductivity range obtained from the falling head tests of 2.02 x 10?m/day to
1.31 x 10"'m/day. Similarly the calibrated hydraulic conductivity of the granodiorite of
3.78 x 10”°m/day matches quite well the hydraulic conductivity range obtained from the falling
head tests of 8.69 x 10°m/day to 4.68 x 10*m/day.

Field testing of the hydraulic conductivity of the fault zones was not undertaken, however the
model calibrated hydraulic conductivity of 2.92 x 10 m/day for faults in the weathered zone
and 1.92 x 10°m/day for faults in fresh rock are considered acceptable based on anecdotal
data that exploration holes that intercept fractured rock provided reasonable yields of
groundwater compared to those that did not intercept fractures.

Table 9
Hydraulic Parameters
Layer Parameter Value
Horizontal Hydraulic Conductivity (kh) | 2.72 m/day
ayer1 | Verica Py Condocviy () | 272miny |
(Alluvium / Colluvium) | specific Yield (Sy) 0.05
‘Specific Storage (Ss) | 1x10° |
Horizontal Hydraulic Conductivity (kh) | 1.59 x 10™" m/day
ooz | Vet i Concucivy (5) | 150 10" iy |
(Regolith) Specific Yield (Sy) 0.05
‘Specific Storage (Ss) [ 1x10° |
Horizontal Hydraulic Conductivity (kh) | 3.78 x 10”° m/day
Layers 3 to 7 Vertical Hydraulic Conductivity (kv) 3.78 x 10°° m/day
(Granodiorite) Specific Yield (Sy) 0.01 and 0.001
Specific Storage (Ss) 1x10°
Horizontal Hydraulic Conductivity (kh) | 2.92 x 10”° m/day
Faults Vertical Hydraulic Conductivity (kv) 2.92 x 10° m/day
(Regolith) Specific Yield (Sy) 0.02
Specific Storage (Ss) 1x10°
Horizontal Hydraulic Conductivity (kh) | 1.92 x 10”° m/day
ot | Vrtea Py Contivty (9) | 152 10" iy |
(Fresh Bedrock Layers) | gpecific Yield (Sy) 0.02
‘Specific Storage (Ss) [ 1x10° |

The vertical hydraulic conductivity was assumed to be the same as the horizontal hydraulic
conductivity.

The calibrated hydraulic conductivity values for Layers 1 and 3 are shown on Drawing No. 7.

Australasian Groundwater and Environmental Consultants Pty Ltd



BIG ISLAND MINING PTY LTD 3-48 SPECIALIST CONSULTANT STUDIES
Dargues Reef Gold Project Part 3: Groundwater Assessment
Report No. 752/05

Of particular note is that there was no long term groundwater monitoring data on which to
calibrate the model to transient conditions and hence to obtain calibration values for specific
yield (Sy) and specific storage (Ss), that is the storativity of the aquifers. The values were
therefore assumed for each aquifer based on experienced and published data. The values
adopted for each aquifer unit given in Table 9 are considered typical. Two values of specific
yield, reflecting the typical range, were adopted and simulated for the granodiorite.

13. PREDICTIVE SIMULATIONS

After the steady state model was calibrated to the available data, the model was then
converted to transient flow conditions to undertake the predictive scenarios.

13.1 ASSUMPTIONS

To achieve the transient simulation of mine progression, that is the advancement of the
decline, the following assumptions were made.

e The decline advancement was based on plans provided by the Proponent.

e The 5 years of mining was subdivided into 60 stress periods, each of one month
duration.

e Drain cells simulating dewatering of the decline and mine were activated based
on the rate of decline advancement.

e Once a drain cell was activated, it remained activated until the completion of
mining.

e The base case specific yield of the granodiorite is 0.001. A specific yield of 0.01
was also assumed and simulated to provide a range of inflow.

13.2 INFLOW TO DARGUES REEF MINE

SURFACT predicts groundwater heads and cell by cell flows and reports these for each
specified model output time, in this case on a monthly basis. One of the key flows reported in
the model budget is the amount of water that is removed from the model domain through the
drain boundary condition. This boundary condition represents the dewatering of the regolith,
granodiorite and fractures in the model, and thus provides a prediction of the inflow to the
mine.

As discussed in Section 11.2, the mine scheduling indicates that mining will occur over a five-
year period and that the decline will reach the total planned mine depth of about 500m by the
end of Year 2. Inflow during development of the decline and subsequent mining was simulated
in one month time steps. Due to the uncertainty of the actual value of specific yield of the
granodiorite the inflow was simulated using specific yield (Sy) values of 0.001 and 0.01 which
is considered a realistic range. The resultant simulated inflow to the Dargues Reef Mine is
presented in Figure 13 which for a specific yield of 0.001 indicates an initial inflow of about
7.5L/s steadily increasing as the decline descends through the regolith and into the fresh,
fractured granodiorite. A maximum inflow of about 9L/s is predicted to occur at the end of Year
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1, when the mine is at about RL400m, about 270m depth. Inflow remains relatively constant at
around 9L/s as the decline is developed to the total depth of about 500m (RL169m), over the
next 12 months. In the subsequent three years of mining inflow exponentially decreases to
about 7.2L/s at the end of mine life (Year 5).

The inflow data indicates that during decline development, the higher inflows are derived from
aquifer storage, but that this depletes quite rapidly, as would be expected given the storativity
of the granodiorite rock mass is very low, assumed 0.001, (0.1%). Subsequent to depletion of
storage the main inflow is derived from rainfall recharge to the groundwater systems.

The predictive simulation using a specific yield of 0.01 indicates that the inflow is larger during
decline development to total depth, as would be expected, with a maximum inflow at the end of
Year 1 of about 10.2L/s and remaining relatively constant during Year 2. However in the final 3
years of mining the inflow decreases to inflow rates very similar to those simulated for a
specific yield of 0.001. Again this would be expected if the inflow during the final 3 years is
derived from recharge and not storage in the rock mass.

12.0

—0— Sy =0.001

©— Sy =0.01

oo
10.0 °
o oo 0509

Inflow (L/s)

6.0

5.0

0 "I ‘2 Years :; 4‘1 5
Figure 13 Predicted Inflow to Dargues Reef Mine

When assessing the predictions, it should be noted that the simulated inflows are potentially a
conservative overestimate as some faults may act as barriers to groundwater flow rather than
conduits. It is also important to note that a proportion of the water reporting to drain cells in the
model, that is the model simulated groundwater inflow, will not report to dewatering pumps in
the mine. This is because the inflow simulated by the model includes water that is removed
with the ore (as moisture in the ore), and water removed as a vapour by the ventilation system.
The Proponent has estimated that the maximum loss of water with the ore is about 0.6L/s and
that based on a mine ventilation requirement of between 145m®/s and 181m%sec, water loss
through the ventilation system is between 0.14L/s and 0.18L/s. Therefore, based on the
Proponent’s estimates, the total maximum water loss is about 0.8L/s, and in theory the
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simulated groundwater inflow to the mine less this water loss, should be collected from sumps
strategically located in the mine. That is between 8L/s and 9L/s should be available to augment
the mine make-up water requirement during Years 1 and 2 and about 7L/s in Year 3 reducing
to 6L/s at the end of Year 5.

In developing a mine water balance the potential overestimate of inflow and loss of water
should be considered, and therefore it is recommended that 4L/s (126ML/year) be adopted as
a conservative estimate of inflow that can collected by the dewatering pumps and used as part
of the Project’s water supply requirements.

13.3 GROUNDWATER SUPPLY - HISTORIC WORKINGS

As discussed in Section 11.3.1, water extracted from the proposed Dargues Reef Mine,
together with the Proponent’s harvestable right surface water supply is expected to be able to
provide all operational water requirements 85% of the time, based on 100years of rainfall data.
As a result, additional water sources will be required. An alternative, back-up source was
identified in the flooded workings of the historic Snobs, Stewart and Mertons and United
Miners workings (Drawing No. 2).

Pumping from the workings was simulated using the Fractured Well package of SURFACT.
The Fractured Well package allows for storage in the workings which was simulated by
specifying a 12m diameter well. The following pumping rates from each of the workings were
as follows.

. Snobs Mine 1.25L/s
. Stewart and Mertons Mine 0.5L/s
. United Miners Mine 0.75L/s

In assigning the pumping rates, the size (volume) and depth of the mines were considered and
importantly the distance of the mines from Majors Creek, with the objective of minimizing
drawdown beneath and hence impact on the creek alluvium.

The highest pumping rate of 1.25L/s was applied to Snobs as it is relatively deep, (about 120m
below the water table), has the most extensive workings, and at 600m is the furthest from
Majors Creek. Stewart and Mertons is relatively shallow at about 54m depth below the water
table and was assigned the smallest pumping rate of 0.5L/s. The United Miners shaft extends
about 110m below the water table, its workings are less extensive than Snobs and it is
adjacent to Majors Creek. Consequently it was assigned a pumping rate of 0.75L/s.

The model simulated continuous pumping from each mine shaft at the specified rates which
provides for a worst case scenario as, if required, pumping from the shafts is likely to be
intermittent.

The drawdown hydrographs for the shafts are shown on Figure 14 (Snobs) and Figure 15
(Stewart and Mertons and United Miners). There is about 70m of drawdown to 592m AHD in
the Snobs working at a continuous pumping rate of 1.25L/s. This level is well above the base
of the workings at 544m AHD. Similarly the simulated drawdown in the Stewart and Mertons
workings at a pumping rate of 0.5L/s is 28m to 618m AHD, about 27m above the base of the
workings, whereas the drawdown in United Miners workings at a pumping rate of 0.75L/s is
about 23m to 622m AHD, about 88m above the base of the workings. It is considered that
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there is less drawdown in United Miners than Stewart and Mertons as the mine is deeper and
captures groundwater inflow from a larger area. It also has greater storage than Stewart and
Mertons. In reality the groundwater level in both mines would probably decline at a similar rate
as old reports indicate that they are interconnected.

An average drawdown in the Stewart and Mertons and United Miners shaft to RL620m is about
12m below the bed of Majors Creek.

The model simulated pumping rates indicates that if needed, a groundwater supply of 2.5L/s
(79ML/year) can potentially be obtained by pumping from the old mine shafts.
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Figure 14 Predicted Drawdown in Snobs Workings
13.4 IMPACT ON WATER TABLE / PIEZOMETRIC SURFACE LEVELS

The impact of dewatering the Dargues Reef Mine and pumping from the historic workings on
the groundwater table/ piezometric surface was simulated by the model. The water level
contours and the drawdown contours at the end of mining operations, namely in Year 5, within
and surrounding the Project Site are shown on Drawing Nos. 8 and 9 respectively. The
drawdown is the difference between the pre-mining groundwater levels and the levels at the
end of the Year 5 mining period. Drawing No. 9 indicates that the radius of influence, as
indicated by the 1m drawdown contour, extends up to 2.5km from the Dargues Reef mine. The
1m drawdown contour is taken as the maximum radius of measurable impact, as groundwater
levels are likely to naturally fluctuate by more than 1m. The drawdown pattern is asymmetrical
and is heavily influenced by the faults as is clearly indicated by Drawing No.9. The

progressive development and recovery of drawdown around the mine for Years 1 - 10 is given
in Appendix 6.
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Figure 15 Predicted Drawdown in Stewart & Mertons and United Miners Workings

Drawing No. 9 indicates that there is between 1m to 5m of drawdown in the alluvium and
underlying regolith along Majors Creek and that this occurs over a 1.5km reach of the creek.
Drawing No. 8 however indicates that while groundwater levels have been reduced by
between 1-5m in the area of Majors Creek, there is still groundwater flow and discharge from
the granodiorite to the creek except for a possible very small section near the confluence with
North Creek, where flow gradients may be reversed. This means that groundwater discharge
from the granodiorite will continue to the Majors Creek alluvium but at a lesser rate than for
pre-mining conditions due to a flatter water table gradient caused by mine dewatering, and that
only along a very small section near North Creek is there potential for groundwater to be lost
from the alluvium to the mine. This is discussed further in the next section.

13.5 IMPACT ON MAJORS CREEK AND SPRING CREEK
13.5.1 Impact on Alluvial Aquifers of Majors Creek

Groundwater discharge or baseflow from the surrounding regolith and granodiorite aquifers is
a prime source of the flow in Majors Creek and of recharge to its associated alluvium,
particularly during periods of low rainfall when there is no surface runoff. As discussed, direct
rainfall and runoff from the side slopes is a minor source of recharge to the alluvium.

It is noted that the outer limit of the cone of depression shown in Drawing No. 9 incorporates
approximately 1.5km of Majors Creek downstream of the village of Majors Creek. In order to
asses the impact of the Project the creek, the base flow to the 1.5km reach of the creek and
alluvium was modelled for the pre-mining situation and again at the end of Year 5, the end of
mining. The results were then compared to determine the maximum impact of mine dewatering
and pumping from the old shafts on the alluvial aquifer and potentially flow in Majors Creek.
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The model indicated that steady state base flow to the 1.5km reach of Majors Creek is about
3.5L/s pre-mining and reduces to about 1.8L/s at the end of mining, as shown on Figure 16.
The figure shows that the Dargues Reef Mine will steadily reduce base flow to the creek as the
cone of drawdown around the mine increases, reducing the water table gradient to the creek
and capturing part of the groundwater that would normally discharge into the section of creek.
At the end of mining the maximum reduction in base flow from the granodiorite aquifer to the
alluvial aquifer or the creek is expected to be about 1.7L/s (54ML/year).
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Figure 16 Simulated Reduction in Discharge and Increase in Leakage — Majors Creek

There is also a reversal of the flow gradient back towards the Dargues Reef Mine in the vicinity
of the confluence of North and Majors Creeks, although the area over which this occurs is very
limited, as shown on Drawing No. 8. This reversal of flow induces leakage from the alluvium
down into the underlying bedrock. A water budget for the alluvial aquifer along the 1.5km
section of the creek was obtained from the model in order to assess leakage from the alluvium
due to mining activities. It should be noted that the ‘Flow-In’ and ‘Flow-Out’ in the budget file
may include some ‘out’ and ‘re-enter’ components due to changes in aquifer bottom elevations,
or to the normal direction of the boundary with respect to local hydraulic gradients. This
resulted in a pre-mining “leakage loss” of about 1L/s as shown on Figure 16, which may not
occur in reality but which is a peculiarity in the model. Predictive modelling indicates that the
loss of water from the alluvium at the end of mining is 1.1L/s and that therefore leakage from
the alluvium to the underlying bedrock as a result of mining is expected be about 0.1L/s
(3.2ML/year). This is consistent with the water level contour/ groundwater flow directions
shown on Drawing No. 8.

The total impact of the Project on Majors Creek is to reduce alluvial water/creek flow by up to
1.8L/s, about 0.16ML/day. Of this, 1.7L/s is through the interception of groundwater flow from
the granodiorite aquifer prior to it discharging to the creek and becoming alluvial or surface
water. The balance is induced leakage from the alluvial aquifer to the granodiorite aquifer and
potentially the mine at a rate of 0.1L/s.
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Subsequent to completion of mining the reduction in discharge from the granodiorite aquifer
and leakage from the alluvial aquifer decreases as groundwater levels recover. At the end of
Year 10, five years after completion of mining, there is no leakage from the alluvium and
discharge to Majors Creek has essentially returned to pre-mining conditions, as shown on
Table 10.

13.5.2 Impact on Base Flow to Spring Creek and on the Spring

Predictive modelling indicates that the cone of drawdown from mine dewatering extends over
all of Spring Creek as shown on Drawing Nos. 9, and therefore baseflow and spring flow will
cease, the groundwater from the granodiorite aquifer discharging to the mine rather than to the
creek and spring. Flow gauging at the V-notch weir indicates a baseflow of about 0.3L/s
(9.5ML/year) that will be captured by the mine. This continues throughout the mining period
and for up to 5 years post mining as shown on Table 10, as the cone of drawdown over the
maijority of Spring Creek does not recover fully in that time.

13.6 IMPACT ON EMBARGOED WATER

As described in Section 4.2 there is currently an embargo on alluvial groundwater and surface
water, and applications for licences to access this water will not be granted. The embargo
however does not apply to groundwater from deeper aquifer, that is, from the granodiorite or
regolith aquifers. Modelling has shown that the impact of mining reduces discharge from the
granodiorite and regolith to the alluvium of Majors Creek by about 1.7L/s and surface water
monitoring indicates that the base flow to the colluvium and spring of Spring Creek will be
reduced by about 0.3L/s. That is there is a total reduction of groundwater discharge from the
granodiorite of about 2L/s. The groundwater in the granodiorite is intercepted by mine
dewatering and pumping from the old shafts before it reaches the alluvium and becomes
embargoed water, that is, the water is taken from the deeper aquifers and is therefore not
embargoed water.

Seepage from the alluvium to the mine or shafts where the groundwater flow gradient has
been reversed, that is from the small area of Majors Creek near its confluence with the
tributary North Creek, is however embargoed water. Modelling indicates that the rate of
seepage out of the alluvial aquifer is about 0.1L/s (3.2ML/year).

13.7 IMPACT ON ARALUEN WATER SUPPLY

As discussed the township of Araluen which is located on Araluen River about 20km south-
east of the Project Site is largely dependent on groundwater for its water supply, the majority of
which is obtained from the unconsolidated aquifers on which the township is located. The
Project Site is at the very head of the Araluen River catchment, with Majors Creek being a
tributary of Araluen River. Araluen is approximately 157m AHD and therefore is at a much
lower elevation than the Project Site where the elevation at the proposed Dargues Reef Mine
is about 670m AHD.
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Predictive modelling of the radius of influence of mine dewatering indicates that the cone of
drawdown and extent of depressurization of the granodiorite and regolith aquifers does not
extend to the Araluen Escarpment located to the south east of the mine and the township of
Majors Creek. Therefore any discharge that may occur from these aquifers along the
escarpment will not be impacted, the only impact being related to the reduction in discharge to
Spring and Majors Creeks, and seepage from the alluvium of Majors Creek to the mine, as
described in Sections 13.5 and 13.6.

The Department of Land and Water Conservation (1999)* estimated that the total sustainable
yield of the unconsolidated aquifers of the Araluen River catchment is between 8028 and
8218ML/year. Of this, modelling has indicated that the Project will reduce discharge to the
alluvium and in a small area induce seepage from the alluvium, at a maximum combined rate
of 2.1L/s (66ML/year). Therefore the Project will reduce the total sustainable yield of the
catchment by 0.8%. Given this very small percentage, the fact and that Araluen is at a much
lower elevation and some 20km downstream from the Project Site, and that recharge to the
alluvial and regolith aquifer systems that supply the town with water is dominated by local sub-
catchment conditions, it is concluded that the Project will have no impact on groundwater
supplies at Araluen.

As discussed at the end of Year 10, five years after completion of mining, there is no leakage
from the alluvium and discharge to Majors Creek has essentially returned to pre-mining
conditions, as shown on Table 10.

13.8 IMPACT ON SHOALHAVEN RIVER CATCHMENT

The radius of influence of mine dewatering as assessed by the 1m drawdown contour extends
into the Shoalhaven River catchment as shown on Drawing No. 9. The cone of depression
extends below the upper catchment of a number of small tributary creeks reducing discharge
from the granodiorite aquifer to these creeks. The creeks were represented in the predictive
model by drain cells and analysis of the model output pre-mining and again at completion of
mining indicates a maximum reduction in discharge of 0.42L/s (13.5ML/year) in Years 5 and 6.

At the end of Year 10, five years after completion of mining, discharge from the granodiorite
aquifer to the Shoalhaven River Catchment has essentially returned to pre-mining conditions,
as shown on Table 10.

Table 10
Reduction in Groundwater Discharge to Catchments/Creeks (L/s)

from to 1 2 3 4 5 6 7 8 9

Year | Year | Year | Year | Year | Year | Year | Year | Year | Year
10

Moruya Catchment

Granodiorite

: SpringCreek | 03 | 03 | 03 | 03 | 03 | 03 | 03 | 03 | 03 | 03
aquifer
Granodiorite | y\-iore creek | 0.7 1.2 15 | 16 | 17 | 12 | 06 | 03 | 01 | 005
aquifer
Allwvial aquifer | Gn0diorite | 05 | o1 | 01 | 01 | o1 | o 0 0 0
aquifer

Shoalhaven Catchment

Granodiorite Shoalhaven
aquifer Catchment

0 0.1 0.2 0.31 0.42 0.42 0.4 0.32 0.22 0.1
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13.9 IMPACT ON OTHER GROUNDWATER USERS
13.9.1 Town and Farm Bores

The bores on the NOW database all appear to be outside of the radius of influence of mine
dewatering shown on Drawing No. 9 and similarly the majority of the bores and wells identified
by the bore census are outside of the radius of influence, as defined by the 1m drawdown
contour. The exception is two wells (Nos. 16 and 17), located in the upper catchment of
Shingle Hut Creek and a small creek of the Shoalhaven River catchment respectively. The
predicted drawdown of the water table in this area is between about 4m to 7m and given that
the facilities are wells and are probably relatively shallow, it is possible that they will become
dry during the period that the mine is operating, and for up to five years post mining. Similarly
there are bores which are near or within the 1m drawdown contour, but given that these are
30m deep bores, they should not go dry.

There is also one bore (No. 18) and one well (No. 20) in the upper catchment of
Jembaicumbene Creek and No. 6 which are about 30m deep and are located on the 1m
drawdown contour, Drawing No. 9. The water level in these bores may decline by up to a
metre as a result of mine dewatering, however as groundwater levels are likely to fluctuate by
more than a metre the impact should not be discernable.

A monitoring program is recommended in Section 17 which includes a subset of key privately
owned bores and the three bores discussed above plus one or two bores in the township
should form this subset. In addition, the Proponent will undertake consultation with the owners
of these bore to ensure that appropriate measures are implemented to minimise Project-
related impacts.

13.9.2 Groundwater Dependent Ecosystems

Although the model predicts that groundwater discharge to the Majors Creek alluvium and
leakage from the alluvium will be about 1.8L/s, groundwater in the alluvium and flow in the
creek will be maintained by discharge from the bedrock aquifers both within the mine area,
although at a reduced rate, and upstream of the area of impact of the mine. The 1.7L/s
reduction in discharge is a loss from a very small area of the catchment and baseflow to the
Majors Creek and the alluvium will be maintained from the much larger catchment area.
Therefore any aquatic and riparian ecosystems associated with Majors Creek should not be
impacted by the Project.

Conversely any groundwater dependent flora or fauna communities associated with the spring
on Spring Creek will be impacted by the spring going dry during the mining period, and for up
to 3 years post mining (see Section 13.10). It is noted, however, that the Ecology Assessment
states that this section of Spring Creek contains primarily regenerating wattles, disturbed land
and Ribbon Gum — Snow Gum grassy open forest.

13.10 IMPACT ON GROUNDWATER QUALITY
The groundwater quality data, discussed in Section 10.2, indicates that the groundwater in the

granodiorite and regolith is of marginally poorer quality to that of the alluvial aquifer. However
there is potential for the quality of the groundwater in the granodiorite to be impacted by the
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waste rock produced by mining, and discharge of this water to impact the quality of surface
water and alluvial groundwater along Majors Creek. The Nett Acid Generating (NAG) potential
of a number of samples of the waste rock that will be stockpiled and used to fill the mined out
stopes was tested by the ALS Laboratory Group. The sample locations and the results of the
analysis are given in Table 11 below, which indicates a NAG of <0.1kg H,SO4/tonne. As such
the waste rock will not cause acid mine drainage when the underground is flooded with
groundwater and will not impact on the groundwater quality of the granodiorite or regolith

aquifers.

Table 11
Nett Acid Generating Potential of Waste Rock
Sample Depth . pH (OX) |NAG (pH 4.5) [ NAG (pH 7.0)
Hole Location )
No (m) (pH Unit) | (kg H2SO4/t) | (kg H2SOu/t)
DR_AGP01 | DREX202 168-170 footwall to lode 8.9 <01 <01
DR_AGP02 | DREX188 39-40 diorite in hanging wall 10.2 <01 <01
DR_AGP03 | DREX190 111-114 granodiorite 8.4 <01 <01
DR_AGP04 | DREX193 169-172 lode/ore 8.2 <01 <01
DR_AGPO05 | DREX193 181-182 just below ore, footwall 9.9 <01 <01
DR_AGP06 | DREX193 157-158 diorite just above ore 10.3 <01 <0.1
DR_AGPO7 | DREX193 | 187-188 | grancdiorite footwall to 10.4 <0.1 <0.1
— mineralisation

It is therefore concluded that a significant change in the quality of groundwater in the
granodiorite and regolith aquifers and consequently in alluvial groundwater quality, or base
flow quality in Majors Creek, is not expected to occur as a result of the Project.

13.11 GROUNDWATER RECOVERY

Once mining operations cease, dewatering of the mine and a mine water supply from the
historic workings will not be required and a slow recovery in groundwater levels in the area will
occur over time.

Predictive modelling was undertaken to simulate 100 years of groundwater recovery post
mining utilising the predicted groundwater levels and aquifer hydraulic properties at the end of
the mining period. In order to simulate the stopes that had been backfilled with waste rock the
specific yield of the mine workings was changed to 0.35 (35%) for the recovery prediction, to
enable the model to simulate filling of the available void space in the stopes. All drain cells
used to simulate dewatering from the Dargues Reef Mine were removed at the end of Year 5
and the simulation of pumping from the historic workings was ceased. This allows the
groundwater levels in the granodiorite and the overlying regolith to recover.

At the cessation of mining there is a relatively steep groundwater gradient around the mine and
a relatively high rate of inflow, however as the mine void begins to fill the gradient is reduced
and the rate of groundwater inflow slows. The recovery of groundwater levels is shown on
Figure 17 which indicates that the majority of recovery occurs within the first year post mining,
but that it then takes another 4 years before groundwater levels are fully recovered, that is
groundwater levels are fully recovered after about 5 years post mining.
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Figure 17 Predicted Recovery of Groundwater Level in Dargues Reef Mine

As groundwater levels recover post mining groundwater flow and discharge will return to the
pre-mining levels. The groundwater level drawdown and recovery contours for years 1-8 are
given in Appendix 6.

14. MODEL UNCERTAINTY AND LIMITATIONS

Development, calibration and the results of predictive simulations from any groundwater model
is based on available data characterising the groundwater system under investigation. It is not
possible to collect all the data characterising the whole aquifer system in detail and therefore
various assumptions have to be made during development of the groundwater model. The
Dargues Reef model has been constructed on limited data and use of the model predictions
should be treated as such. Where assumptions were made the impact on the simulation
results are discussed. Where an assumption was necessary, a conservative approach was
taken such as adopting model parameters from plausible ranges, so that the model would
likely over predict impacts or be representative of the worst case scenario.

Of particular note is that as there was no long term groundwater monitoring data on which to
calibrate the model to transient conditions and hence to obtain calibration values for specific
yield and specific storage, that is the storage of the aquifers. Hence there is some uncertainty
with respect to the predicted inflow to the Dargues Reef Mine and the former workings. Two
values representing a realistic, typical range were adopted for simulation of the granodiorite
and should give inflow data that can be relied on.
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The model assumed that the hydraulic properties of the aquifers were uniform across the
entire model domain. In reality the permeability of the aquifers is variable and this variability
can result in a less uniform zone of depressurisation than that predicted by the numerical
model. Faults, inferred and known, were built into the model and simulated, however the
hydraulic characteristics of the faults is unknown and were obtained through the calibration
process.

The uncertainty in the model results can be reduced through the collection of inflow data. If
significant divergence is observed between the measured and model predicted inflows,
revisiting the model and specifically, recalibration of the model parameters against the
measured inflow data will reduce the model uncertainty and gain better predictions for the
future.

Despite the current level of uncertainty the model is considered sufficiently accurate to gain an
understanding of the impacts of the project on the groundwater regime and is therefore
suitable for the purposes of the EIS.

15. MITIGATION OPTIONS

It is noted that the model predicts the following reductions on water flows within and
surrounding the Project Site:

e Approximately 0.1L/s (3.2ML/year), of water within the alluvial aquifer associated
with Majors Creek would flow back towards the Dargues Reef Mine. The
Proponent acknowledges that this water is embargoed.

e Approximately 1.7L/s (54ML/year), of water within the granodiorite aquifer would
not flow to Majors Creek or its associated alluvial aquifer. The Proponent
contends that this water is not embargoed.

e Approximately 0.3L/s (9.5ML/year), of water within the granodiorite aquifer would
not flow to Spring Creek. The Proponent contends that this water is not
embargoed.

e Approximately 0.42L/s (13.5ML/year) of water within the granodiorite aquifer
would not flow to creeks within the Shoalhaven Catchment. The Proponent
contends that this water is not embargoed.

In relation to the 0.1L/s (3.2ML/year) of embargoed water that is expected to flow from Majors
Creek, the following mitigation measures may be appropriate:

e Purchase of an existing licence from another groundwater user and transferring
that licence allocation to the Project Site.

¢ Discharging an equivalent amount of water, with the agreement of NSW Office of
Water, into Majors Creek at a rate of 0.1L/s downstream of where the flow
gradient to the alluvium has between reversed, say at the confluence of Spring
and Majors Creeks.
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In relation to the Araluen River Catchment and the 1.7L/s (54ML/year) of non-embargoed
water within the granodiorite aquifer that is expected to cease to flow to Majors Creek and the
0.3L/s (9.5ML/year), that is expected to cease to flow to Spring Creek, the following mitigation
measures may be appropriate:

e Apply for a licence from NOW to cover the expected reduced discharge. It may
be appropriate to include this amount of water in the Proponent’s licence to
extract water from the Dargues Reef Mine.

e Discharge an equivalent amount of water, with the agreement of NSW Office of
Water, into Majors Creek at a rate of 2.0L/s (64ML/year), downstream of where
the flow gradient to the alluvium has between reversed, say at the confluence of
Spring and Majors Creeks.

In relation to the Shoalhaven River Catchment and the 0.42L/s (13.5ML/year) of non-
embargoed water within the granodiorite aquifer that is expected to cease to flow to the
tributary creeks, the following mitigation measure may be appropriate:

e Apply for a licence from NOW to cover the expected reduced discharge. Again it
may be appropriate to include this amount of water in the Proponent’s licence to
extract water from the Dargues Reef Mine.

Where drawdown in the water table adversely impacts the water supply from wells or bores of
other groundwater users, an arrangement should be made for make good provisions. The
supply should be re-instated in consultation with the landowner in a manner agreed to by both
parties; which may include options such as:

¢ deepening of the well or bore that has been impacted;
e construction of a new well or bore;

e providing a piped water supply from the mine.

16. WATER LICENCING

Various licences are required under the Water Act 1912, especially for construction and use of
water management works or water bores. The main licences which may be required for the
Project are those that are covered under Section 10 of the Water Act 1912. This section deals
with licences “to construct and use a work, and to take and use water, if any, conserved, or
obtained by the work, and to dispose of the water for the use of occupiers of the land”.

Under the Water Act 1912 a licence or authority is required to “extract groundwater by any type
of bore, well, spearpoint, or groundwater interception scheme for all purposes including basic
landholder rights”. This includes the construction of an underground mine and the taking and
using of groundwater entering the mine. As stated, the model predicts that groundwater inflow
to the Dargues Reef Mine from the granodiorite and regolith aquifers is expected vary between
about 7.2L/s and 10.1L/s (227-320ML/year). In addition 2.5L/s (78ML/year) may be pumped
from the Snobs, Stewart and Mertons and United Miners mine shafts. Therefore the total
maximum volume of groundwater extracted from the granodiorite and regolith aquifers is about
398ML/year, for which one or more licences will be required.
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As discussed predictive modelling indicates that the rate of seepage out of the alluvial aquifer,
that is of embargoed water, is expected to be about 0.1L/s (3.2ML/year), and this will need to
be accounted for by trading; purchasing of an existing licence, or by release of water into
Majors Creek, in consultation with NOW.

The installation of additional groundwater monitoring bores, if required in the future will also
require bore licences.

17. GROUNDWATER MONITORING PROGRAM

This section of the report provides a recommended groundwater monitoring program that
would provide both an on-going assessment of the impact of the Project and a proactive
indicator of any adverse impacts on the groundwater regime should they eventuate.

17.1 MONITORING NETWORK

Eight dedicated monitoring bores were established for the groundwater investigation, three in
the alluvium and immediate underlying regolith along Majors Creek, and five in the granodiorite
to the north of the Dargues Reef Mine, as previously described. Of the bores in the
granodiorite there are two pairs of bores (DRWB01 / 02 and DRWBO03 / 04), where one is in
the regolith at about 16m depth and the second in the fresh rock at about 60m depth. The third
bore (DRWBO05) is in the regolith at 15.5m depth. In addition to the established monitoring bore
network five (5) open exploration holes have been selected to provide a broader coverage of
the Project Site and the regional impact of the mine on groundwater levels in the granodiorite
aquifer. The integrity of these exploration bores have been assessed to ensure that they are
sustainable for monitoring. The PVC casing of each bore has been left protruding 0.5m above
ground and a cap placed on the casing. A summary of the recommended monitoring bore
network and bore details are given on Table 12, and the bore locations are shown on
Drawing No. 4.

17.2 WATER LEVEL MONITORING PLAN

Manual monitoring of groundwater levels should be undertaken on all bores at three monthly
intervals. While the data obtained from manual monitoring is suitable for identification of long
term trends in groundwater levels it does not provide data on short term events such rainfall
recharge that can occur within a three monthly monitoring cycle. Therefore it is recommended
that electronic water level data loggers also be installed in monitoring bores at key sites, as
follows and shown on Drawing No. 4.

e DRWB06 and DRWBO07 to monitor the impact on groundwater in the
alluvium/regolith along Majors Creek.

e at the sites of the paired bores (DRWBO01 / 02 and DRWBO03 / 04), to monitor the
impact on groundwater in both the regolith and deeper granodiorite in the area of
Spring Creek.

e MCRCO022 next to the former Snobs workings and MCRCO028 next to the former
Stewart and Mertons and United Miners workings of the Mines with the objective
of monitoring the impact of pumping on groundwater levels.
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Table 12
Summary of Proposal Monitoring Network
Bore Location? Elevation (mAHD) Depth Screen Aquifer
(mE) i (mN) Ground | TOC (m) (mbGL)
Established Monitoring Bores
DRWB01 | 748681.1 6063944.8 | 714.65 715.20 67 61.0-7.0 | granodiorite

DRWB02 | 748676.6 : 6063945.8 | 714.67 : 715.24 15.9 9.9-159 | regolith
DRWB03 | 749111.8 | 6063817.2 | 712.35 | 712.91 66.1 60.1-66.1 | granodiorite
DRWB04 | 7491158 | 6063814.4 | 712.72 | 713.29 16.5 10.5-16.5 | regolith
DRWB05 | 749200.3 : 6063530.7 | 721.89 | 721.87 15.58 9.6-15.6 | regolith
DRWB06 | 748848.7 | 6061994.6 | 632.34 | 632.98 6.45 3.45-6.45 | alluvium
DRWB07 | 748724.7 : 60618354 | 636.72 : 637.17 11.25 |5.25-11.25 | alluvium
DRWB08 | 749240.0 | 6061796.4 | 627.38 | 628.01 11.22 |5.12-11.12 | Alluvium

Exploration Holes Suitable for Monitoring

Bore Loc;ation TOC Depth | HoleDip | Screen Aquifer
(mE) (mN) (RLm) + (m) (degrees) | (mbGL)
MCRC010 | 749698.6 6063375.1 | 728.19 78 -60 open hole | granodiorite
MCRCO11 | 749506.7 : 6063674.9 | 723.92 : 169 -60 open hole granodiorite
MCRCO018 | 749654.3 | 6061822.7 | 657.87 | 138 -55 open hole | granodiorite
MCRC022 | 748137.8 : 6062103.2 | 684.27 : 114 -54 open hole | granodiorite
MCRC029 | 748491.8 : 6061819.9 | 66851 | 216 -55 open hole | granodiorite

Note 1: projection MGA94 Zone 56

The data loggers should be set to monitor water level fluctuations at six-hour intervals. This
would enable water level fluctuations due to rainfall recharge and pumping to be distinguished
from potential water level declines due to depressurisation as a result of mine dewatering.

Groundwater levels in a subset of key privately owned bores within the simulated zone of
depressurisation that are still operational and in-use should also be manually monitored every
quarter.

17.3 WATER QUALITY MONITORING PLAN
Groundwater quality monitoring should be undertaken in six of the established monitoring
bores (DRWBO01, 02, 03, 04, 06 & 07). The water quality monitoring program should consist of:

e quarterly field measurements of water level, pH, temperature and electrical
conductivity.

e laboratory analysis at 6 month intervals for:
— alkalinity,
— major cations and anions,
— nutrients — (ammonia, nitrate, nitrite),

— metals — (iron, lead, chromium, cadmium, zinc, arsenic, copper and nickel).
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It is recommended that all groundwater monitoring, water level measurements and sample
collection, storage and transportation be undertaken in accordance with the procedures
outlined by the Murray Darling Basin Commission (Aug 1997)"".

17.4 OPERATIONAL WATER SUPPLY AND MINE SEEPAGE MONITORING

It is also recommended that monitoring of mine water seepage into the Dargues Reef Mine
should be undertaken, particularly of the volume and quality of the water pumped from the
mine. Similarly the volume of water pumped from the former Snobs, Stewart and Mertons and
United Miners workings should be recorded with an in-line flow meter and the water level of the
old workings should be monitored at least at 3 month intervals. Laboratory analysis of water
samples pumped from the Dargues Reef Mine and former workings should also be undertaken
at 6 monthly intervals.

17.5 DATA MANAGEMENT AND REPORTING

It is recommended data management and reporting include:

e Annual assessment of departures from identified monitoring data trends. If
consecutive monitoring data over a period of 6 months exhibit an increasing
divergence, in an adverse impact sense, from the previous data, or from the
established or predicted trend, then such departures should initiate further
actions. These may include a need to conduct more intensive monitoring or to
invoke impact re-assessment and/or mitigative measures.

e Formal review of depressurisation of the regolith/granodiorite and alluvial aquifers
should be undertaken annually by a suitably qualified hydrogeologist. The validity
of the model predictions should be re-assessed after 2 years of mining and if the
data indicates significant divergence from the model predictions an updated or
new groundwater model may need to be constructed for simulation of mining.

e Annual reporting of all water level and water quality data and analyses of the
results and trends.

17.6 SUMMARY OF MONITORING PROGRAM

A summary of the proposed groundwater monitoring plan is given in Table 13 below.

" Murray Darling Basin Commission, (Aug. 1997), “Murray Darling Basin Groundwater Quality Sampling

Guidelines”, Tech. Report No. 3, Groundwater Working Group.
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Table 13
Summary of Proposed Monitoring Plan
) Groundwater Level Groundwater Quality Pumping/Discharge
Bore/Mine
Manual Data Loggers Field Laboratory Volume
DRWBO01 quarterly Yes — 6 hourly quarterly 6 monthly
DRWB02 quarterly Yes — 6 hourly quarterly 6 monthly
DRWBO03 quarterly Yes — 6 hourly quarterly 6 monthly
DRWB04 quarterly Yes — 6 hourly quarterly 6 monthly
DRWBO05 quarterly
DRWBO06 quarterly Yes — 6 hourly quarterly 6 monthly
DRWBO07 quarterly Yes — 6 hourly quarterly 6 monthly
DRWBO08 quarterly
MCRCO010 quarterly
MCRCO011 quarterly
MCRCO018 quarterly
MCRCO022 quarterly Yes — 6 hourly
MCRCO029 quarterly Yes — 6 hourly
Snobs quarterly quarterly 6 monthly continuous
Stewart & Mertons quarterly continuous
United Miners quarterly quarterly 6 monthly continuous
Dargues Reef Mine quarterly 6 monthly continuous
Landowner Bores quarterly quarterly

Australasian Groundwater and Environmental Consultants Pty Ltd



SPECIALIST CONSULTANT STUDIES 3-65 BIG ISLAND MINING PTY LTD
Part 3: Groundwater Assessment Dargues Reef Gold Project
Report No. 752/05

Drawings

(No. of pages excluding this page = 10)

Australasian Groundwater and Environmental Consultants Pty Ltd



BIG ISLAND MINING PTY LTD 3-66 SPECIALIST CONSULTANT STUDIES
Dargues Reef Gold Project Part 3: Groundwater Assessment
Report No. 752/05

This page has intentionally been left blank

Australasian Groundwater and Environmental Consultants Pty Ltd



SPECIALIST CONSULTANT STUDIES 3-67 BIG ISLAND MINING PTY LTD
Part 3: Groundwater Assessment Dargues Reef Gold Project
Report No. 752/05

| / ¥ I T T __!;lm“.m 0 ]
{ H # | Py o\ { *
e :/ L ) g I\ \ .-"r '-:' /J §
2 sAevt, R I I R
i j'“' i -f,r’ = I,'jj - {';‘---. Fd
- 6085000mN { " ’ b il
1 L 1_;' ) Y
% ! i) i
\ { { S A B
| 2 i by 1) [ i
Y \ \ P Y

SHOALHAVEN ' || 1\

L
&

g -,
=

RIVER St

\ } - d'"\
i i - ¥ 4
3 Vo ; =
= = sk ARALUEN
_.F\ s :[ // , ,/Q’.EEhEEK \ ; 0 oy Su:hte Croek §
X '-.\. :- / 100 ’! J' ¥y i

LN G T-O N

; ’ROPOSED e

: )QRGUES REEF’MINE

.5,’50@;. \

o ot Projection MGA 1984 Zono 55

L4 i AUSTRALASMN GROUNDW)\TER & ENVIRONMENTAI.

-LEGEND - 1 CONSULTANTS PTY LTD
o 38 JEAYS STREET BOWEN MILLS OLD 4008 AUSTRALA

E Project Site Boundary | T DARGUES REEF GOLD PROJECT
[ I GROUNDWATER IMPACT ASSESSMENT

— — - Calchment Boundary SITE LOCATION PLAN
A ) u CUENT:  Big Island Mining Limited OFFICE: Brisbane
H Creek Line | orawn B Tia | some: 1:25.000 (Ad) | PROJECT No: G1ags DRAWING No:

=y == APPROVED BY: DATE: _June 2010 1

Australasian Groundwater and Environmental Consultants Pty Ltd



BIG ISLAND MINING PTY LTD 3-68 SPECIALIST CONSULTANT STUDIES

Dargues Reef Gold Project Part 3: Groundwater Assessment
Report No. 752/05

(ClnlR E’mﬁ]
cpama

m&@} e nofl [gﬂ

amonnamecShaftts
nnamed shafl™

- LEGEND -
1 PR | Alluvium / colluvium ey li
Efa‘* / IW AUSTRALASIAN GROUNDWATER & ENVIRONMENTAL
sncolae CONSULTANTS PTY LTD
Ma{OFS Creek road — 36 JEAYS STREET BOWEN HILLS QLD 4008 AUSTRALIA
) . DARGUES REEF GOLD PROJECT
py; i/ wordng GROUNDWATER IMPACT ASSESSMENT
Majors Creek SITE PLAN WITH HISTORIC MINES
Creek line CUENT:  Big Island Mining Limited OFFICE: Brishane
~ Cooudnates Piojection MGA 1994 Zono55 | ”"W::';M [ scMe: 120,000 (A4) ulm Ju:e';%:“m s 2

Australasian Groundwater and Environmental Consultants Pty Ltd



SPECIALIST CONSULTANT STUDIES BIG ISLAND MINING PTY LTD

Part 3: Groundwater Assessment Dargues Reef Gold Project
Report No. 752/05

¥

I
tHE
ok}
i
(il
{
W
AL
N
HEN
4
>
i
i
(!
1
1
1
1
L
J 1
]
e
i
sl
)

m@\ .
UNTEDMINERS

L)
L}
L}
¥
i
I
I
L

| ; { \ Braidwood Grancdiorite
- LEGEND - | 7 \ Long Flat Volcanics
r-._...' Wt \ - Clastic Sediments
Project site boundary ; ) A& \

-_.—...-l

- Alluvium / colluvium (from BIML) i L T G =
Aeromagnetic / photo i o égﬂsrm?‘g 'G:{R_\?l:.h;gWATER & ENVIRONMENTAL
Iineament , 36 JEAYS STREET BOWEN HILLS QLD 4008 AUSTRALA

Old mine / working || ™e: DARGUES REEF GOLD PROJECT

Majors Creek road | GROUNDWATER IMPACT ASSESSMENT

Track / road | GEOLOGY AND LINEAMENTS

- | cuenr: Bdg Island Mining Limited
| ORAWN BY: TM [ SoALE: 1:20,000 (Ad)

Australasian Groundwater and Environmental Consultants Pty Ltd




BIG ISLAND MINING PTY LTD SPECIALIST CONSULTANT STUDIES
Dargues Reef Gold Project Part 3: Groundwater Assessment
Report No. 752/05

iy

MGRGO‘H

O

—~

P {DARGUESIREEF,

by, .
!-* ;

B J
Y - ShmEnre i,
7 MCRCﬂw k\

‘;-

e
o . il

- LEGEND -
(] Monitoring bore i
°® Exploration hole 2R AUSTRALASIAN GROUNDWATER & ENVIRONMENTAL
Project site boundary SR Ay gqggusi;&NEmP.m E;Dm A

[ ] Atwium / colluvium me  DARGUES REEF GOLD PROJECT
B Oikedwiing GROUNDWATER IMPACT ASSESSMENT
MONITORING NETWORK - BORES AND EXPLORATION HOLES

== - Track/road CUENT: Big Island Mining Limited
& TMM | SCALE: 1:20,000 (A4) | PROJECT Ho: G1494

- Fence line
Coordinates Projection: MGA 1334 Zone 55 APPROVED BY: DATE:  June 2010

Australasian Groundwater and Environmental Consultants Pty Ltd




SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

3-71 BIG ISLAND MINING PTY LTD
Dargues Reef Gold Project
Report No. 752/05

3Wp008yL

6064000mN G

‘DRWB02

B0 P
/058~ @ DRWBO1
7058

PO
A ® SpREXITS e ar
A N DREXS?

- LEGEND -
® Monitering bore, WL mAHD
Groundwater contour, WL mAHD

D Project site boundary

MCRC009
L MCRCO10
708.9

=
D\REX1'8\Q‘
CUTAN

g

LS

b\ I"‘
/ ‘i\ ¥

AUSTRALASIAN GROUNDWATER & ENVIRONMENT;‘\L
CONSULTANTS PTY LTD

[ ] Alwium/ colluvium %S SRS AONER LS D 4000 v
TE: DARGUES REEF GOLD PROJECT
=~~~ Track/road GROUNDWATER IMPACT ASSESSMENT
""""""" Fence line WATER LEVEL CONTOURS (FEBRUARY 2010)
Majors Creek road CUENT: Big Island Mining Limited OFFICE: Brisbane
Creek line DRAWN BY: TM | scae: 1: 15000 (A4) | PROVECT Mo: G1aga ORAWING No:
Coordinates Projection MGA 1934 Zone 55 | APPROVED BY: DATE:  June 2010 5

Australasian Groundwater and Environmental Consultants Pty Ltd



Part 3:
: Groundwater Assessment

SPECIAL
IST CONSULTANT STUDIE
S

3-72

Report No. 752/05

ON
- — 0L0z Bunp  va
.me...seo.u 1O N 103 NAVEG
roud |
(v) 000" .
05 L TS | ¥
WL &
A0 payw : N3N
SNIVYQd 1300 e
W ANV Ai¥9 -_m_QQ a—
N
56 8UOZ $551 YOI uonoa
:uofoalold saje
Buryiom o
I410M / 3UIll pIO
®

IN3NSS!

3SSY 10

— o VdINI 43 LV

—T— Oyd n_ww_‘w..@ n_mmmﬁn_m_ﬂmwﬂo
L2 d

an
Ald SINVLINSNOD
o

WININ
NOYIANI
—— ® ¥ILYMANNOY¥D NVISYT
= VHISNY :
........ ; SRR
_ N
%%Mw%\..,..\

ulelp [spopy "

juswydie) Jelem adepng

b [ |

Kiepunogq ays 108fo1d

e

!
X

YA
%‘&\ :
W

R

AR
N
\\\\\
AN
R

N
N
N
W
\
N

W
A
W

W
N
N
W

N
W
W
\t\\
W
B

R
\\
o
i
W

\..
pub [apopy

=

-aN3oaT-

\
DS
.
N
3he

=

8
S
ol
N

N
\%
N
\

=

N
!
N
"
W
W
W

‘&“
N
W
\\\:
W
\§\
W

W

s:‘
R

R
W
0
W
N

\::}}\‘
\s{:
\
W

N

3
W
W

Z

G

SRR

///////////M///////////
N
A

Jlf/% /4;16/1”;
%%”,%%,2/
,.u,.,.uu.%%

N
W

\§
\‘\\\
AR

W
N
R
R
A
N
‘\\‘.

o
™

3
N
o

3
W

0

T
N

W
e
SRR
R
BN
VR
W
A R
i\\“‘

%

%
!
A
30

NR
DR
N
N
SR
o
N

N
W
W

5 1%““0"
RS
% N A
f%wﬂﬁfﬂ”ﬂﬂoo“””“oo

St

W

N
N
S

T
W
W
N
N

\\%
W
e

§3

N

Z

HAYd NYITTID

TR
||||| ‘ . " 1" .
||||||||| , 4 —-”nno?”% ""ﬂw "‘ 0
..... . - -
2 SRR o . - | |
ettt A -
S <

NWO005909 ¢
v . = ﬂ
e ORI SR
%%%a%
W

)

N
A
o

\\‘\\Q

W
‘\\\“\

\‘ W
SR
\‘\
A
AR

o

0
SR
ek

!

X
s
S

W

TR
N
SRR

INFINNINVEINIC

1
I
]
1
i
'
1
1
i
1
1
1
'
t
'
(3

Jwoggls
/

0
N
I
L

Australasi
sian Ground
wal
ter and Environmental Co
nsultants P
ty Ltd




SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

BIG ISLAND MINING PTY LTD
Dargues Reef Gold Project
Report No. 752/05

g g ] \V-+E}
1 N\
K : pN S
B, |
5054000mN i
L syt R St i il g V(e sl B el e b T G I e
\ i
\ ! GILLIAN PARK
Vs *
| |
o '
- |
i
f
6082000 i
__________ r i el TGN
1
\_. :
| SLONGFLAT f
| ;
f & ;
e ; s . #luaons cReeK
8060000mN ! I = il :
____________ e o o Fals i SOl S i S e S TP
MODEL CONDUCTIVITY (M/D) - LAYER 1
I W | ]
o 3 2 B v
: & : s
1 :
)
604000mA | i i
et i) -l ----- :- et e |
\ : E GILLIAN PARK
N .‘ ®
{ : 1
L |
N ! I
/ 1 |
J f u
: |
5 5 _
6052000mN } |
____________ ! G A N
1 1
1 1
! !
SLONGFLAT | i
\\: |
N :
T '
i i
| F
! :
6050000mN ! ¢ i '
____________ o e e et L i o o e et et
MODEL CONDUCTIVITY (M/D) - LAYER 3 o
’ = AUSTRALASIAN GROUNDWATER & ENVIRONMENTAL
- LEGEND - Hydraulic Cond
ydraulic Conductivty (m/d) CONSULTANTS PTY LTD
= 2.7 -alluvium/ colluvium 36 JEAYS STREET BOWEN HILLS QLD 4008 AUSTRALIA
0O 0.16- (regolith) TImE: gARGUES REEF GOLD PROJECT
. ROUNDWATER IMPACT ASSESSMENT
& 0.0029 - fault (regolith) MODEL HYDRAULIC CONDUCTIVITY
= 0.0019 - fault (grar?ocflorlte) CUENT: Big Island Mining Limited OFFICE: Brisbane
& 0.000038 - granodiorite DRAWN BY: TM | scALE: 1:50,000 (Ad) | PROJECT No: G14ga DRAWING No:
APPROVED BY: DATE:  June 2010 7

Australasian Groundwater and Environmental Consultants Pty Ltd




BIG ISLAND MINING PTY LTD
Dargues Reef Gold Project
Report No. 752/05

3-74 SPECIALIST CONSULTANT STUDIES

Part 3: Groundwater Assessment

L7
3!

6064000mN

6063000mN)

(]

ERTONS S M UNITEDMINER
:‘- rE) \& 5/

- LEGEND -
Groundwater contour, WL mAHD

: Project site boundary

Alluvium / colluvium
— — — — Track/road
- Fence line
Majors Creek road
Creek line
——> Direction of groundwaler flow

/
V]

(A
¥

L 0 h
ZLoEy,  AUSTRALASIAN GROUNDWATER & ENVIRONMENTAL
SN0 CONSULTANTS PTY LTD

s 36 JEAYS STREET BOWEN HILLS OLD 4006 AUSTRALIA

ME: DARGUES REEF GOLD PROJECT

GROUNDWATER IMPACT ASSESSMENT
SIMULATED WATER LEVEL CONTOURS END YEAR 5

CUENT:  Big Island Mining Limited OFFICE: Brisbane
DRAWN BY: TM | scALE: 1: 15,000 (Ad) ] PROVECT No: G1494 DRAWING No:
APPROVED BY: DATE:  June 2010 8

Coordinales Projeclion MGA 1994 Zone 55
SRt s

Australasian Groundwater and Environmental Consultants Pty Ltd



SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

BIG ISLAND MINING PTY LTD
Dargues Reef Gold Project
Report No. 752/05

T48000mE

6066000mMN

6064000mN

T50000mE

- LEGEND -

Drawdown contour (m})
— Fault

]__ + Project site boundary
Alluvium / colluvium

1
L}
el o dn ol M
1
\
~1
1
1
L}
13 |
M
9. Tt
9.479
A EIEET
;a?%????????.
997597597
) QQ?'QQ? ?’?' T V,f ???
254959939959 9% 259259
P BUR  e S I Sl
1990599t q0%q 9% j9599%99%d0
f 97995 ¢i5 999 To0a9 a9
9.99.99.99 .99/ 1.99.99 99
I S TSI
Couratis Ficmcon el 34 2o 2 97 0% 0% 4% 0% 0% 9% 9% "9 0% a0

CONSULTANTS PTY LTD

38 JEAYS STREET BOWEN HILLS QLD 4008 AUSTRALIA

Tme: DARGUES REEF GOLD PROJECT

— —- Catchment boundary GROUNDWATER IMPACT ASSESSMENT
GROUNDWATER DRAWDOWN AFTER 5 YEARS
Fence line CLENT:  Big Island Mining Limited OFFICE: Brisbane
Track / road DRAWN BY: TM | scaLe: 1:30,000 (44) | PROVECT No: G494 o
APPROVED BY: DATE: _June 2010

Australasian Groundwater and Environmental Consultants Pty Ltd



BIG ISLAND MINING PTY LTD 3-76 SPECIALIST CONSULTANT STUDIES
Dargues Reef Gold Project Part 3: Groundwater Assessment
Report No. 752/05

This page has intentionally been left blank

Australasian Groundwater and Environmental Consultants Pty Ltd



SPECIALIST CONSULTANT STUDIES 3-77 BIG ISLAND MINING PTY LTD
Part 3: Groundwater Assessment Dargues Reef Gold Project

Appendix 1
Appendix 2
Appendix 3
Appendix 4
Appendix 5

Appendix 6

Report No. 752/05

Appendices

(No. of pages excluding this page = 45)

Director-General’'s Requirements
Composite Logs — Monitoring bores
Permeability Test Analyses

Bore — Well Census Data

Water Level Data

Drawdown and Recovery Contours
Years 1-8

Australasian Groundwater and Environmental Consultants Pty Ltd



BIG ISLAND MINING PTY LTD 3-78 SPECIALIST CONSULTANT STUDIES
Dargues Reef Gold Project Part 3: Groundwater Assessment
Report No. 752/05

This page has intentionally been left blank

Australasian Groundwater and Environmental Consultants Pty Ltd



SPECIALIST CONSULTANT STUDIES 3-79 BIG ISLAND MINING PTY LTD
Part 3: Groundwater Assessment Dargues Reef Gold Project
Report No. 752/05

Appendix 1

Director Generals Requirements

(No. of pages excluding this page =7)

Australasian Groundwater and Environmental Consultants Pty Ltd



BIG ISLAND MINING PTY LTD 3-80 SPECIALIST CONSULTANT STUDIES
Dargues Reef Gold Project Part 3: Groundwater Assessment
Report No. 752/05

This page has intentionally been left blank

Australasian Groundwater and Environmental Consultants Pty Ltd



SPECIALIST CONSULTANT STUDIES 3-81 BIG ISLAND MINING PTY LTD

Part 3: Groundwater Assessment

Dargues Reef Gold Project

Report No. 752/05

Table Al.1
Director-General’s Requirements
(Department of Planning — 23 April 2010)

Paraphrased Requirement Relevant EA
Section(s)
SOIL AND WATER
Including:
e adetailed site water balance: )
e adetailed groundwater model; Section 12
e potential water quality impacts on the environment and other land users; and Section 13.7
e adescription of the final landform water management; )
Table A1.2
Coverage of Environmental Issues
Page 1 of 6
Government Relevant EA
Agency Paraphrased Requirement Section(s)

WATER

Department of
Environment,
Climate Change &
Water (01/04/10)

The EA must outline site layout, demonstrating efforts to avoid
pollution to water resources (especially for activities with significant
potential impacts eg tailings dam) and show potential areas of
modification of contours, drainage etc.

Environmental
Assessment

The EA must provide details of the project that are essential for
predicting and assessing impacts to waters:

e including the quantity and physio-chemical properties of all
potential water pollutants and the risks they pose to the
environment and human health, including the risks they
pose to Water Quality Objectives in the ambient waters (as
defined on www.environment.nsw.gov.au/ieo, using
technical criteria derived from the Australian and New
Zealand Guidelines for Fresh and Marine Water Quality,
ANZECC 2000);

e the management of discharges with potential for water
impacts; and

e drainage works and associated infrastructure; land-forming
and excavations; working capacity of structures; and water
resource requirements of the proposal.

Surface Water
Assessment

The EA must outline how total water cycle considerations are to be
addressed showing total water balances for the development (with
the objective of minimising demands and impacts on water
resources). Include water requirements (quantity, quality and
source(s)) and proposed storm and wastewater disposal, including
type, volumes, proposed treatment and management methods and
re-use options.

Surface Water
Assessment

The EA should fully assess impacts including but not limited to the
following:

e Groundwater quality issues including the alteration of the
groundwater recharge rates and possible contamination of
groundwater from the recycled water scheme;

Section 13.7
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Table 3
Coverage of Environmental Issues (cont’d)
Page 2 of 6
Government Relevant EA
Agency Paraphrased Requirement Section(s)
WATER (cont’d)
Department of e Altered flow and drainage regimes and subsequent effects
Environment, on the dynamics and recharge ability of groundwater Section 13
Climate Change & aquifers; and long-term effects on stability and integrity of
Water (01/04/10) aquifers,
e Impacts of altered flow and drainage regimes impacting on
receiving waters including impact on creek morphology and Section 13.5
ecosystem implications including aquatic ecology, riparian '
vegetation and weed distribution;
e Cumulative impacts of proposed recycled water discharges Not
on the receiving waters — downstream impact of altered| Applicable
flows; effects to river health, ecology and biodiversity; and
e Construction impacts on waterways due to runoff and| Surface
increased sediment and nutrient movement. Water
Assessment
The EA should provide details of the project that are essential for
predicting and assessing impacts to waters including the quantity
and physio-chemical properties of all potential water pollutants and
the risks posed to the environment and human health, including the| Section 10.2
risks they pose to Water Quality Objectives in the ambient waters
using technical criteria derived from the ANZECC Guidelines.
Council (06/04/10) |Council is concerned about use of surface water and ground water
that may potentially affect water resources in the area for the local| Sections
community and environmental flows. It is Council’s opinion that NOW 13.5
approvals are required for use of dam and ground water associated 13.6
with any use that is not for stock and domestic. The impact of water 13.7
harvesting needs to be addressed in the EIS. 13.9
‘Adequate details with regard to monitoring of water quality and| Surface
water quantity upstream and downstream of the proposed Water
development need to be addressed in the EIS. Council is particularly| Assessment
concerned about the location of the tailings.
NSW Government |NOW requires the Environmental Assessment (EA) for the proposal
Office of Water to demonstrate that the proposed mining operation will achieve the
(01/04/10) following:
e no impact on adjacent licensed water users, basic|Section 13.6
landholder rights, minimum base flows, or groundwater-
dependent ecosystems;
e adequate water licensing under the Water Act 1912 for
proposed groundwater extraction and/or groundwater| Sections
interception and compliance with the S.1 113A Water Act 15
1912 embargo on groundwater licences in the Coastal 16

Floodplain Alluvial Groundwater Sources and Highly|
Connected Alluvial Groundwater Sources of Coastal
Catchments — Regional NSW, which is provided as a
supplement to this letter.
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residual environmental impacts after the application of
proposed mitigation measures; and

where additional key environmental impacts are identified
through this environmental risk analysis, an appropriately
detailed impact assessment of these additional key
environmental impacts must be included in the
Environmental Assessment report.
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Table 4
Coverage of Environmental Issues (cont’d)
Page 3 of 6
Government Relevant EA
Agency Paraphrased Requirement Section(s)
WATER (cont’d)
NSW Government |NOW requires the Environmental Assessment (EA) for the proposal
Office of Water to demonstrate the following;
(01/04/10) 1. Adequate and secure water supply. Sections
2. ldentification of site water demands, water sources (surface| 13.2 & 13.3
and groundwater), water disposal methods and water
storage structures in the form of a water balance. This is to
also include details of any water reticulation infrastructure
that supplies water to and within the site.
3. Proposed water management on the site based on the site| Section 17
water balance. This is to also include an outline of a
proposed surface water and groundwater management plan.
4. A groundwater and surface water impact assessment on| Sections
adjacent licensed water users, basic landholder rights, 13.5
groundwater-dependent ecosystems and the surface water 13.6
environment. This will require a detailed understanding of 13.7
the existing and predicted surface and groundwater system. 13.9
5. Requirement to intercept groundwater and predicted
dewatering volumes, seepage volumes, water quality and| Sections
disposal/retention methods. Intercepted and dewatered 13.2
volumes need to be predicted throughout mine life and for 13.3
any post mine life recovery period to reach equilibrium. 13.10
6. An impact assessment of the construction, operation and
final landform of the proposed onsite waste rock
emplacements, tailings storage facility and other potentially
contaminating facilities to meet the requirements of the NSW
State Groundwater Policy framework document.
7. ldentification of works or activities requiring licensing under )
the Water Act 1912 or Water Management Act 2000, eg.| Section 16
Monitoring bores, aquifer interception, groundwater and/or
surface water extraction.
8. Proposal to construct watercourse crossings and carry out
works within 40m of a watercourse in accordance with
former DWE Controlled Activity Approval Guidelines.
9. Adequate mitigating and monitoring requirements to address| Section 17
surface and groundwater impacts.
The Environmental Assessment report must include the following for
all water-related aspects of the proposal:
e an environmental risk analysis to identify potential] Section
environmental impacts associated with the project 13.7.2
(construction and operation);
e proposed mitigation measures and potentially significant| Section 15
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Table 5
Coverage of Environmental Issues (cont’d)
Page 4 of 6
Government Relevant EA
Agency Paraphrased Requirement Section(s)
WATER (cont’d)
NSW Government |The Environmental Assessment must include assessment of water
Office of Water supply and/or water interception and extraction against any Water| Section 13.6
(01/04/10) Sharing Plan, or any embargo in force affecting the site or potential
water supply to the proposal. A full description of water supply to all
stages of the proposal must be included, which includes:

e water source(s) which may be used to supply water to the
proposal, existing licences, additional water requirements,| Sections
and a checklist against any regulatory water sharing or other| 13.2 & 13.3
ministerial plans or other instruments applying to that water
source;

e explanation of any embargoes or full commitment| Section 13.6
declarations for the proposal, and any identified means to
source water supply for the proposal;

e examination of reliability of water supply to the proposal,| Sections
including alternatives to site rainfall runoff harvesting in the| 13.2 & 13.3
event of drought;

e demonstration of prioritisation and effective reuse of saline -
or other contaminated water within the proposal;

e explanation of water circuitry and means to segregate
contaminated, sediment-laden and clean water volumes -
within the proposal and proposal site.

The Environmental Assessment report must include demonstration
that the project is consistent with the spirit and principles of the NSW
State Groundwater Policy Framework Document, the NSW State
Groundwater Quality Protection Policy, the NSW State Groundwater
Dependent Ecosystems Policy and the Draft NSW State
Groundwater Quantity Management Policy, This must include, for
the pre-, during, and post- development phases of the project the
following:

e identification of surrounding water users and any| Sections
groundwater dependent ecosystems; 7.5& 10.1

e detailed explanation of potential groundwater volume,
piezometric level, water table heights and the direction of
flow and quality, through mine life and projections into the| Section 13
post-mine period, any identified connected water sources
impacted by mining;

e (detailed explanation of groundwater drawdown or other
impacts upon connected groundwaters; Section 13

e explanation of the site water balance, including any changes
to water balance inputs from rainfall runoff, additional| Section 13
supplies, dewatering requirements and/or groundwater
seepage;

e detailed description of any proposed water supply system| Section 13

utilising groundwater as a source, and assessment of
current licensing arrangements against this;

Australasian Groundwater and Environmental Consultants Pty
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Table 6
Coverage of Environmental Issues (cont’d)

Page 5 of 6

Government
Agency

Paraphrased Requirement

Relevant EA
Section(s)

WATER (cont’d)

NSW Government
Office of Water
(01/04/10)

detailed analysis of the impacts of dewatering if required for
the project, identifying the magnitude and duration of
pumping, the areal extent of water level drawdown, the likely
quality of extracted groundwater, alterations to site water
balance, and the monitoring and reporting protocols to be
adopted to meet licensing requirements;
measures to prevent contamination of the groundwater;
identification of potential and likely groundwater-dependent
ecosystems, and any impact upon these ecosystems which
may result from the proposal; this must include
Terrestrial vegetation with seasonal or episodic
reliance on groundwater, and
Aquatic and riparian ecosystems in, or adjacent to,
streams or rivers dependent upon the input of
groundwater to minimum base flows.

Section 13

Section
13.7.2

The Environmental Assessment report must include demonstration
that the project is consistent with the spirit and principles of the NSW
State Rivers and Estuaries Policy, Wetlands Management Policy,
and relevant groundwater policies defined below. This must include,
for the pre-, during, and post- development phases of the project the
following:

general description of channel form, river style or other
descriptive category of any affected channel, including
identification of key geomorphologic indicators and
conditions within the zone of influence for the proposal (ie
either between most distant riverine controls surrounding the
area of disturbance to the proposal area, and/or within the
area of groundwater depressurisation);
hydrologic character of the riverine system, stream energy
and power relationships, energy relationships at bankfull
height and at peak flow and assessment of stream power
and critical tractive stress for existing and any modified
conditions for any rivers affected by the proposal, which
provides details of:

o long profile and cross sectional survey along the
channel, and identification of at least the closest
upstream and downstream controls on the channel,

o0 assessment of bed and bank material, identification of
critical entrainment and destabilisation thresholds;

0 assessment of the constriction and resultant change in
afflux through, past or over the structure, and resultant
changes in energy profiles involving the structure;

0 nature of bedload transport, and mechanism(s) to
permit bedload transport through the structure.

procedures to develop stream relocation and reconstruction
criteria which utilise best practice management, which must
include the principles which underpin any embargoes
currently in force under the Water Act, 1912, or operational
rules of any Water Sharing Plan in force over the site;

Surface
Water
Assessment
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Table 7
Coverage of Environmental Issues (cont’d)
Page 6 of 6
Government Relevant EA
Agency Paraphrased Requirement Section(s)
WATER (cont’d)

NSW Government e methodologies by which proposed relocation or| Surface

Office of Water reinstatement of watercourses will be undertaken, and Water
(01/04/10) whether any proposed ecological offset provisions willl Assessment

provide adequate protection to any instream or groundwater
dependent ecosystems which exist on the site;

e Mechanism to maintain long profile grade through the
structure, or to provide energy dissipation through the
structure at the re-entry point design volumes/velocity
downstream;

e Nature of existing controls along all watercourses on the
site, and proposed use of engineered structures and
vegetation to provide long term control to the channel;

e final configuration of any relocation, modification or other
impact upon rivers and watercourses on or surrounding the
site, including geomorphic character mimicking conditions of
undisturbed rivers or watercourses adjacent to the proposal
area.

The Environmental Assessment report must include:

e justification of the proposed final landform with regard to its
impact on local and regional groundwater systems;

e a detailed description of how the site would be progressively
rehabilitated and integrated into the surrounding landscape;

e detailed modelling of potential groundwater volume, flow and| Section 12
guality impacts of the presence of an inundated final void on
identified receptors  specifically considering those
environmental systems that are likely to be groundwater
dependent;

e a detailed description of the measures to be put in place to
ensure that sufficient resources are available to implement
the proposed rehabilitation; and

e the measures that would be established for the long-term
protection of local and regional aquifer systems and for the| Section 17
ongoing management of the site following the cessation of
the project.

Australasian Groundwater and Environmental Consultants Pty



SPECIALIST CONSULTANT STUDIES 3-87 BIG ISLAND MINING PTY LTD
Part 3: Groundwater Assessment Dargues Reef Gold Project
Report No. 752/05

Appendix 2

Composite Logs — Monitoring Bores

(No. of pages excluding this page = 12)

(Note: A colour version of this Appendix is available on the Project CD)
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BIG ISLAND MINING PTY LTD
Dargues Reef Gold Project
Report No. 752/05

Australasian Groundwater & Environmental

Consultants Pty Ltd
38 Jaays 31, Bowen Hills, Quesnsiand 4006

BOREHOLE LOG

BOREHCLE 1D

DRWEBD1 Page1 ol 1

DATE:
CONTRACTOR:

PROJECT NCu
PROUJECT NAME:

Dargues ReslGold Project

1042010 DRILL RIG:

Bungendore Water Bores

G144 DRILLER: Danrmy HIl
DRILLING METHOD: RaE

COORDINATES: T45651.1 mE: G063245 mN

CATLIM: Miza GDASY
GROUND LEVEL: Ti4.654m
T«
LOGEED BY: b

WP OF CASIMNG LEVEL: T15.204m

Depth

Elevaiion

Graphic

Lithalcgic Desoription

L

Bora Constructian

Bore Desoiption

Q

40

o

oo

&rn)

a0

[=11]

S0OIL: Brown =ol i ih fragments of quarts up ko 15mm
acioss

pe—
K X
L
X

REGOLITH: Browm, wery weathered coamsa 3mm sand
and saml wealhared Edspar N brownclay. Mnor 15mm
chunks of anguiar quarlz

]
/

REGOLITH: Coarss sapmek, mainly corsksing of
Imonite skained 3mm q.lﬂ'll andsemi IJE(":IH'IFIZISE'G
feidspars artved from grenodiorite

f

GRANODIORITE: Grey-orange granodoriis with weak
Imonite 5|-3|I1|I'I; ard weak ||g|'|| qresn fackes alleralion.
Feltspars display K-Fa dusing

l

GRANCDIORITE: Grey-arange mesdium grained
grancdionte with weak K-Fe dusling of feldspars and
weaak lIight graen facles dtaration

L

GRANCDIORITE: Crange-grey medium grained
grancdionite with modera i Inlenslly rad-biick 1acks
alleration and weak 0.5% disseminated prite

GRAMODIORITE: Grey-orangs medium grainsd
grancdiorite wilh weak K-Fe dusling of feldspars and
variablke race o weak propyliic alieration (prehnie and
minar cakile)

20

SV, 8 BEmEL

q
N
N
N
\
N
N
N
N
N
N
N
\
N
N
\
N
N
N
N
N
N
N
N
N
N
\
N
N
\
N
N
N
3
N
N
N
\
N
N
\
N
;

lartarTa

Fa bt o o e o o o o o o o o o o o o o

-—6Tm
-—Bim

-=f1m

-—BTm

Hale Diametar 150mm

Grout

Bentonl k= sas

s0mm PYC caslng, Class 18

Gravel pack
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Australasian Groundwater & Environmental BOREHCOLE LOG
Consultants Pty Ltd
36 Jeays 21, Bowen Hills, Quesnsiand 4006 BOREHOLE I:  DRWEBOZ2 Pagz1 af 1
PRCUECT N, G1494 ORILLER: Danry HIl DATLIM: Miza Ghasy
PROJECT MAME: Dargues Reel Gold Project DORILLIMG METHOD: RAE GROUND LEVEL: TI4.672Mm
DATE: 15/042010 ORILL RIG: TOP OF CASIMNG LEVEL: T15.242Zm
CONTRACTOR:  Bungendore Water Bores COORDINATES: T456TE.6 mE; G053946.0 mM LOGGED BY: =]
E kvntion g
Graphic Lithalegic Desoription E Bora Constructian Bore Desoriplion

Depth

-

patk

S0IL: Brown claysy sand

-

Ly
=

REGOLITH: Light broan claysy sand jsaprozk) consishng
of lmanita slained 3mm quGﬂI and saml waatharsd
Ielcks pars, derfvesd rom wealhering of granadoris

Hole Dlameater 150mm

FE,

%
| % L
- é ?IL
5| 4 ] o}
= M0/ REGOUTH: Brown medium grained 3mm quartz and df K Backil
decompesad feldspars. This saprock (s derived from ignt | 2 ] e
] / grean Tackes allered grancdicnile f{ 5 _5Gm
- % f #.n Benton = saa
/ | U
J ! d Fd-oom
LD | BE
' / 3
= .
- / 4 ks
- / r. :i.:
10— / i ] 00
7 Ae%
a Fa -J L] h
F o= W GRANCDIORITE: Grey-oange granadarlie consisting of A=
L - e : -
b W weakly allarsd (Ight gresn facles) grancdicrile which BEE
|xc®x™ s dlisplays weak K-Fe dusiing and sencitisalion of l2ldspars =N
__ !!!’. = wEll &5 minor chionlisaton of homblends Grawal FG':K.
X m a
X X N
x A L)
1 E
= X M
|=!:’l
B M
- X nm
L [xal SOmMM PYG casing, Class 16
X X
X N
5o ,DDE E 3
——— 159m
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Part 3: Groundwater Assessment

BIG ISLAND MINING PTY LTD
Dargues Reef Gold Project
Report No. 752/05

@' Australasian Groundwater & Environmental BOREHCLE LOG
: Consultants Pty Ltd
Sl 36 Jaays Bl Bowen Hills, Quesnsiand 4006 BOREHOLE In - DRWEBO3 Page1 of 1
PROJECT NG 31494 ORILLER: Danry Hill DT LIK: M4 GDASY
PRCJECT NEME: Dargues Resf Gold Project ORILLING METHOD: R AE GROUND LEVEL: TiZ2.349m
DATE: 12042010 ORILL RIG: TOP OF CASING LEVEL: T12.909m
CONTRACTOR:  Bungendors Water Bores COORDMATES:  749111.3 mE; B0E3817.0 MmN LOGGED BY: Cs
k|
Ekevation| 3
Graphi Lithalogic Desoription % Bora C orestruchan Bore Desoription
Depth
i
7 RESIDUAL SOIL: Brown limonlle staned cayey sand N R
o / - ~NEN Hale Dlametar 150mm
REGOLITH: Brown coarse limanite skined ssprock wEN
crrslsiing of ragments of parlilly wealhiered Tedspar, % \\.‘
/ quartz and homblends. Cecompossd granodon e * *
7/ bl N N
77 1 NNK
X A | GRANCDIORITE: Grey-pink medum grained, parlly g NWEW
sonlFwx’] imonite stained grancdionite wilh abundant hornblende, | £ NEN
"HleTuw W minor prehnite and trace epidok P "\t %
¥ N u |
o w CRAMODIORITE: Grey-oranga medium grained 4 h h'n.
“!‘l grsrl-:-:llorlle-v.'llh minor imonite 'S.lﬂl'lll‘lg 2 % %
| A =
o w CRANCDIORITE: Red-grey medium grained grancdionte | h h
20 Py WIiN ed bock facles altaration, sbundant K-Fa staining " SNEN
e w4 and dak grey fine grainad wolcanic za
nd dark fi Ined volcanie Zenolilhs N R
- |
AR ™ CRANCDIORITE: Grey-orangs medium grainsd * “Q
R qrancdiorile wilh sight Iight green tacles alieration and ;t :‘Q
x_M ] 14 fina grained disseminaled prite * *
L 3 |
x| GRAMCDIORITE: Grey-oranga medium grainsd k\ k\
grancdiorite wilth slighl light greentinge. Abundant fine l\ !\
el *x_ A |]grained dark gray valeanic zenoliths 23-24m * *
X M
caol*x™a"| SRAMODIORITE: Grey-orange) medum grained :ﬁ %
x = W Jrancdiorite containing miror orange prehnlie and minar h *
x x m Falches ol off white colurad ankerite * %
X A
Ix"x" o '\. \,,.
E ] l\ \‘
!!!.l * *
l‘l:l Iat.l % %
x K H
I M '\\\ *
&rn ® M \ \
e o N B
I!I.I * *
[ N S
5':' !'!"I % %
x Grout
X K N
R I‘l.l * h
ER L SN
IH“H"! * *
!!!.I b % -—BAm
B0 oo -=BFm | Benton e sad
x X =
X A L] L] .
B Jx x x ,FE fE _E11m| Graval pack
sialy EE%
EspjE = . Fi g s0mm PYWGC casing, Clhass 18
x x = E
X d ty
rx X By 55 Am
bl
&40
B
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BIG ISLAND MINING PTY LTD

Dargues Reef Gold Project

Report No.

752/05

SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

Australasian Groundwater & Environmental BOREHOLE LOG
Consultants Pty Ltd
36 Jeays Bl Bowen Hills, Quesnsiand 4006 BOREHOLE I: DRWEBO4 Pagz1 ol 1
PROJECT MO, G1494 DRILLER: Danrmy HIl DT LI MizA GDASY
PROJECT MAME: pargues Resf G old Project DRILLING METHOD: RaE GROUND LEVEL: T12722m
DATE: 1aadz010 ORILL RIG: TOP OF CASING LEVEL: T12.282m
CONTRACTOR:  Bungendors Water Boras COORONATES: T49115.8 mE: 606358140 mN LCGGED BY: [
E kevantion| 1
Graphic Lithalcgic Desoription % Bora Corstructian Bore Desoiption
Depth
]
o RESIDUAL SOIL: Light broswn sarndy clay
A r
o / REGOCLITH: Qark brown Imonlke and haemalite stalnad
sapock conssling of parialy decomposed coanss
i / Ieldspar, quartz, hornblends and minor gresn epidata
Hale Dlametar 150mm
e v
ry
B
i o % I}
i
/ :
T H Backill
// - 2t
5 iy B 2
= / REGOLITH: Bresam imonile staned saprock consislingof | 2 L
coarse ssml decomposad laksparn, Imonite stained & EL'
1 / quartz and black wealherad hormblenda - Ii&
4 ry
- = n I_IE
A = ﬁ ﬁ Bantont = saal
B E o kd -
e K
E x L] i
i / B
. / g
i i Ls
L D
F, Ly
. B
B / rg o g JRLE
| i’y REG
Cu w A e : =N
= e w m SRAMODIORITE: Grey-brown parfidly iImonile staned [
x_m | madum graned homblends grancdionie ﬁ E
l‘l'l fTa=rg
1 x_x A =1 Gravel pack
x| A=
!!!’I I; ;E.‘
x—x
—mnlx'x“n GRANCDIORITE: Grey-{brawn) mesdium qrafnesd weakly o E
» u | Imonite stained homblende granodiorite consishng af ra=re
| ® X" Teidspar, quarlz and homblende. Contains 0.5%
B x % B disseminalad ine pyrie ;ﬁ § S0mm PYWC casing, Class 18
® % N
raa t i
- F F
15 = u - - ="
- M M M CRANCDIORITE: Grey-orange resh grancdicrite wilh =T
% x m abuldant orange haemalite distad cranges apiiba. The "="4
i g OrEnodionite contains 05% disserminatad ina grainad ﬁ i
X o | pile ‘s 'r,.
- | E == = .
b=
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Monitoring Bores DRWEBOD3 {left) and DRWEBO4 {right})
Spring Creek in background with the Spring location about midway betweaan the two bores
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Australasian Groundwater & Environmental BOREHOLE LOG
Consultants Pty Ltd
36 Jeays Bl Bowan Hills, Quesnsiand 4006 BOREHOLE I:  DRWEBOS Pagz1 ol
PROJECT NC 31494 ORILLER: Danry HIll DATLIN: Iiza GDaoy
PROJECT MAME: Dargues Reel Gold Project DRILLIMG METHOD: RAE GROUND LEVEL: T21.868m
DATE: 1042010 DRILL RIG: TOP OF CASING LEVEL: T21.268m
CONTRACTOR:  Bungendore Water Boras COORDINATES: T49300.3 mE:; 6063531.0 mN LOGGEED BY: ]
Eksation g
Graphic Lithalegic Description E Bora Corstructian Bora Desoriplion
Depth
. L
RESIDUAL SOIL Light brown clay wilh minor sand =
compansnt |_3f5
- L
. 7 I:E
/ REGOLITH: Light broen saprock conslsting of fragmenls ré
/ of aplike and retated rock bypes I:L
=0 ’C
/ & Hale Diametar 150mm
5
/ il
I A I/J ‘::.L
/’ REGOLITH: Brown mealy looking dusl. Sited fragmants IlL
coralsl of broan Fe ceds slained aplile ard relatad . L
i rackhpes ;t Backil
i Le
B B
| / E: ?.; -=5.58m
1 & ﬁ Benont i sasl
7 Z -
[ ) 5
a4 ,-""'I: = i
REGOLTH: Fine graned honey colowred apits occurs as E
compaknl ragments, often ressmbing a mels srkoss ‘8
- wnor discolouralion by Fe osdas
T M 4 ?ﬂ‘- Graval pack
REGOLITH: Red-broan Fe orde slanesd aplile F:E
h
- o
51
W ]--058m

i
%
]

ek

Ll ]

s0mm PWC casing, Class 1B

15=—

-—156.66n
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Australasian Groundwater & Environmental BOREHOLE LOG
Consultants Pty Ltd
36 Jeays Bl Bowen Hills, Quesnsiand 4006 BOREHOLE ID: DRWEBOG Pagz1 ol 1
PROJECT MGy =494 ORILLER: Danry HIll DATLIM: FIGa GDASY
PREJECT MAME: Dargues Reef G ol Project DRILLIMNG METHOD: pag GROUND LEVEL: B32.3TTM
CATE: 14/0472010 ORILL RIG: TOP OF CASIMNG LEVEL: &32.982m
CONTRACTOR:  Bungendore Water Boras COOROINATES: T45842 7 mE:; G0E1995 mM LiZSGED BY: 5
Ekation g
Graphic Lithalogic Desoription % Bora Corstructian Bore Desoiption
Depth
Q
S0IL: Brown coarse sand and dark grey clay consshing o’
of anguiar Fe ceie staned Tmgments of wealhared ’/’, Bentori e sas
granodionte (allriumy A e o
L
*
. ')
1 G312 = =
| GRANCDIORITE: Gray-{brown) mixure of above and = ','
| x"M arey-green grancdionie that has been allersd (o Ight Z ;
ey g resn fackas, Contairs minor 5% fine graines = :E
X gm disseminalad prile = ”E
-} o
ﬂxﬂ.l f:'- r.
P L T &
B = E Hale Dlamstar 150mm
!!!.l E": E
X E m K
K‘I.l .
" &
x M '
e = T Cravel rak
X ¥ N GRANODIORITE: Grey-green grancdionite wilh weak 'y fael pac
e %W Ight green fackes alteralion and 0.5% disssminated pyrite %
x x mf ad minor red prehnibe . -—345m
:::t:u T
= =" e
4 E20 !”!”I E
xxﬂ.l r.
X A E
EE, s
x W
Jx % = E
l”l”l .
XX u "
~ - x x = :
E b e S0mMm PYC casing, Chass 18
X W
Jx ="
L
X X N
XX u
H X N
X A
L
2 G2 lse
!x!ll
XX u
X -—G45m
T E26
a 25
G 24
10 &2
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Monitering Bores DRWEBCE in Alluvium of Majors Creek
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SPECIALIST CONSULTANT STUDIES

Part 3: Groundwater Assessment

BIG ISLAND MINING PTY LTD
Dargues Reef Gold Project

Report No. 752/05

GRANODIORITE: Grey-{graen) medium grainad
grancdiorle wiih weak ighl green faries alleration snd
chunks of oranges Fa oxkle dustad apllle

-—1128n

Australasian Groundwater & Environmental BOREHCOLE LOG
Consultants Pty Ltd
36 Jeays 51, Bowean Hills, Quesnsiand 4006 BOREHOLE I DRWEBOT Pagz1 of 1
PRCUJECT WG, 1494 DRILLER: Danrmy HIl DAT LK [MizA GDAaSY
PRCJECT MAME: pargues Rest G old Project ORILLING METHOLD: RaE GROUND LEVEL: B36719m
DATE: 14/04:2010 DRILL RIG: TOP OF CASING LEVEL: &37.169m
CONTRACTOR:  Bungendors Water Boras COORDINATES: T48T24.7 ME: G0E1835 mN LCGEGED BY: (-1
Ekvation| 3
Graphic Lithalogic Desoription % Bora Corestructian Bore Desoription
Depth
I:l__
SOL Brown clayey sand conssling of coarse sand and |
anguiar ragments (up 1o dmm across) of wealhered = Rackiill
grancdionte and grey balks of clay fi'
=4
CLAYEY BAND: Coarse (dmmj Imonite stained sand =
comsksling of decomposed granodioriis and balsof grey | & Bentor e sadl
chy (Ml rom gokl workings owver aluviam) £ 228, | Hole Diametar 150mm
=
=
i
x
—5.25m| Grawval pack

s0mm PYC casing, Class 1B

Australasian Groundwater and Environmental Consultants Pty



BIG ISLAND MINING PTY LTD 3-98 SPECIALIST CONSULTANT STUDIES
Dargues Reef Gold Project Part 3: Groundwater Assessment
Report No. 752/05

Australasian Groundwater & Environmental BOREHCOLE LOG
Consultants Pty Ltd
36 Jeays Bl Bowen Hills, Quesnsiand 4006 BOREHOLE I: DRWEBOS Pagz1 of 1
PROUJECT My Z1494 DRILLER: Danrmy HIl DATLIK: [MizA GDASY
PROUJECT MAME: pargues Resf G old Project ORILLING METHOD: prag GROUND LEVEL: G27.385m
DATE: 14/0d/z010 ORILL RIG: TOP OF CASIMG LEVEL: &28.005m
CONTRACTOR:  Bungendors Water Boras COORONATES: T49240.0 mE: G061795.0 mM LCGGED BY: (-1
E kvation 1
Graphic Lithalegic Desoription % Bora Corstructian Bore Desoription
Depth
0= s
d GRAVEL: Manty compossd of S-d0mm sami iounded
o PEDDEES of granodionte and minok quandz (Smm siea) - Backll
iR { allusium
-=1.12m
Bentan = saal
T -—212m

Hale Dlamatar 150mm

u.
| |
T T
e
ol Fak [ )
e
Sl 1, eSOl 04010 -
IIIIIIIIIEIIIIIIIIIIIIIIIEIIIIIIIIIIIIIIIEIIIIIIIIIIIIIIIEIIIIIIIII_'L__1
k[T

lar% et siflart sifla i arieifl el e et aiflerT el SO FLTE

Z
%
£
‘&
T
F.
4
&
s
! '
27 ] (Y .
o ANDESITE: 2-25mm chips of freshly broken dark grey i) 5.12m| Gravel pack
=y | andesile contaning rounded 2mm calcits vaskc ks Inings B
1 = ‘.
y
L= E
L=% %
-+ L=" ‘s
L=
o= E
a0 = '
x| GRAMCDIORITE: Grev-{orange) madum orained slighity i.‘
KoM weathsred grancdiornile which has been subjectad 1o
<4 I % & minorred brick sltaration &
LN L) E0mm PYC casing, Class 18
t | E
X K N l"
—— #‘I.I i
10 o :i:
| ¥ o [ ]
¥ M
B M %
—4— im !'.
X E N P

--11.22m(
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R R
Mis{grs, Greek Flow
Chanitisl S

Majors Crask Flow
Channel

Monitering Bores DRWEDS - Alluvium Downstream on Majors Craek

Australasian Groundwater and Environmental Consultants Pty



BIG ISLAND MINING PTY LTD 3-100 SPECIALIST CONSULTANT STUDIES
Dargues Reef Gold Project Part 3: Groundwater Assessment
Report No. 752/05

This page has intentionally been left blank

Australasian Groundwater and Environmental Consultants Pty



SPECIALIST CONSULTANT STUDIES 3-101 BIG ISLAND MINING PTY LTD
Part 3: Groundwater Assessment Dargues Reef Gold Project
Report No. 752/05

Appendix 3

Permeability Test Analyses

(No. of pages excluding this page =7)
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3-103 BIG ISLAND MINING PTY LTD
Dargues Reef Gold Project

Report No. 752/05

AGE Consultants shugbal test analysis Date: 10.05.2010) Page 1
26 Jeays St HYORELEWs mathod - -
|@ B e B A Project: Dargues Reel Gold Project
mh.O61 TN ARET 2008 Evalualed by TM
Siug Test Mo. 1 Test conducted on: 22.-25.04.20°0
DRWBM
tsl
O 30000  GOO0D 90003 120000 150000 180000 Z10000 240000 270000
10?

% 10}

« DRWBO1

+ydralic conductivity [mis]; 524 =107

“Nater levels measzured inltially wilhi vibrating wire - pressure sensor and then manJally with
slectrenic dip mater
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SPECIALIST CONSULTANT STUDIES
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Part 3: Groundwater Assessment
Report No. 752/05
AGE Consultants slug/bail test analysis Date: 25,04 Eﬂml Fage 1
3 Jeays 5t HY¥ORSLEW's method o .
Hlln, G, 4008 Project: Dargues Reaf Gold Project
PL(B1T) 32T FO55 Ewaluated by CJ
Slug Test No. 1 Test conducted on: 18.04.2010

DRWBOZ

0 200 400 600 800 1000 1200 1400 1600 1800
107 B — T

hihly

107!

= DRWBO2

Hydralic ccnductivity [mis]: 2.28 107

"Walar lavels measurad with wibratirg wire - pressure senscr at 2 second intervals.
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BIG ISLAND MINING PTY LTD
Dargues Reef Gold Project
Report No. 752/05

AGE Consultants
3 Jaays 5t

Brrwnn Hils, Ok £006
DT P28 T 0SS

slugfbai’ test analysis

Diate: 10.05.2010( Page 1

HYORSLEW's mathod

Project: Dargues Feef Sold Project

Evaluated by TM

Slug Test Mo. 1 Tasi conductad on: 21.-29.04.2010
DRWE03 - [ ) .
1 [5]
G TOOO00 140000 210000 280000 350000 420000 490000 560000 630000
100 — I—— = - -
— -“'\'QK\ T - +
e = _
10.1 | _ | \‘\
i —— m—

10

1w

3
« DWRBD3

Aydraulc conductivity [mfg]: 1,01 x 1l;|""'I

“Mater levels measwred manually wih an electronic water level dip meber
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SPECIALIST CONSULTANT STUDIES
Part 3: Groundwater Assessment

AGE Consultants
36 Jesys St

Eaovaven Hilla, G, 4008
£h. (8170 3287 2055

slig/bai bes! analysis
HWORELEWs methad

Date: 29.04.:01::' Page 1

Project: Darcues Feaf Gold Project

Evaluated by CJ

Slug Test Mo 1 Tesd concucted cn: 19042010
DRWEBD4 - -
t [zl
a 20 40 i &0 100 120 140 160 180
10 | — — T T
_._'l.. — == 1 ! —
'll | i
|= £l —
T __‘ . %\_\
-1
102
= ORWED4

Hydraulic conductivity [mds): 1.52 = 107°
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AGE Consultants slug/bail test analysis Diale; 28,04 2010 Page 1
8 Joaws 5t HORSLEV s method e .
I@ - Project: Dargues Reef Gold Project
ph.[S1T 3257 BG5S Ewaluated by CJ
Siug Test No, 1 | Test conducted on: 20.04.2010
DRWBOT
t[z]
o o 140 211 280 350 420 440 580 530
10° - I B I R
E —
l‘ N S S—
[ =)
S | | S——  ———
|
, |
= DRWEOT
ydrandic: conductivity [mis] 3.03 %107
“Nater levels measured with vibrating wire - pressure sensor at 2 second intervals.
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= DRWEOE

Hydraulic conductivity [mis): $.72 1007

Watar levels measurad with wibratirg wire - pressure senscr at 2 second inlervals.

AGE Consultants slugibai test analysis Date: 29.04.2010| “age 1
B J 51 HYORSLEW" thwod
ey & me Project Dargues Reef Gold Project
Bowan Fills, Oisl, 4006
P B1T) 3257 M55 Evaluated by GJ
Slug Tast Mo. 1 | Tesl conducted an: 200042010
DRWEGS ' ' a
1s]
] 70 140 210 280 350 420 480 560 530
10° :
E‘ =1
£ 107 L
102
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Appendix 4

Bore — Well Census Data

(No. of pages excluding this page =5)
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Table A3.1
Summary of Water Table Level Measurements

Monitoring Bores

Location Elewvation i SWL imbTOC) SWL
Borefole mE}  : imb) {RLm} | Hole Dip measwed = corected {RLm}
DRWEDL TABER11 . SOENM4E 74520 - 541 - 841 T4 8
DRWELDZ TABHTES ¢ GUG3M5E 71524 [ gdz = 342 K]
[ETEE] TAH11E ¢ GOETZ 1281 - BEd s BE4 043
DRWED4 A58 1 GDERE144 71324 - BE1 H .61 T4 7
DRWEE 1482003 ) BDE530T T3 87 40 dry H dry
DRWEDE TARBAET | GDE1S04E 32 98 ] 124 & 1.24 E317
DORWBOT T4BT24.T GlE1835.4 63717 80 1.53 423 ]
DRWEDE THUE0.0 HUE1TI6.4 £35 01 -4 1.83 153 (35 1

Open Exploration Holes

Location Elewation . SWL (b SWL
Boreficle imE) i) [RLm | ok ip fassured Ermc:lljr'mcted [RLm}
DOREXDE: T4gza00 GlE2EGA B8 66 558 .22 i 20.27 Ered
DREx112 TABOEIA | GDEREANA EF -7 [E T Bl
DREX115 TAERGT A ¢ GDEX0441 8101 51 1837 = 1S [
DREX119 402283 . S0E2885.2 EE1 85 -5 1500 = 4 BET &
DREX124 TAIMETO ¢ GUEEET B 71398 5 MH 1 25ES [EEE]
OREX130 T4BBOAT GOE2E00.3 682 83 50 15,78 1208 [T
DOREX133 FEFEE GOEITID 103 .48 A7 FIED] FENT] grat
DOREX144 T4BBO1 S | &0E3050.4 G2 23 -l 1236 1 10.71 B71.5
OREX 146 400008 | GDER6014 57498 55 BH H 2066 B3
DOREX147 T4BO291 | &DeAET07 B8 85 -l 18.00 H 15.84 6533
DOREX154 T4BE05S 60625305 67191 545 11.50 5 8.2 BEZ T
DOREX155 V488505 GlE2E0.7 375 25 El 1155 11.75 [=E]
DOREX1ST TAO0EAT 1 GDE3008Y KR 53 3 5 1145 [EE]
DRE: 153 TROTT L GDEINEDA T8 02 55 1503 ;1% =H
DOREX181 TABEZ0 1 &DE2EbA [TFEE] £l B2 : 142 [T
DREX162 THOTET | GlEXTATE 5000 55 nes B.62 B81.1
CREX164 TABIORT 1 sOEMOAE | ETodn 5 T T 718
DREX 168 T4BEIG0 | G0GEEEZ GE274a -57.3 18.65 1 1870 BET.0
DOREX1TO T4BBOGE 1 &DEE0ELT B8O 16 A7 5 1310 | 11.05 =R
DOREXIT3 TABBIGT o G0E0TEA G011 -50.5 1653 B 14.50 [T
DOREX174 T4BGA3S | GDe@sslT 67168 &7 2 1044 1 B.78 [
DOREX1TS T4BBA41 1 G020 [ 608 1530 | 1337 [N
DOREX 150 TABETTO . SOEZE040 E71.00 5.4 1154 = 884 BE1
DREX184 T4OMA0 ¢ GOEZSLO ET2.00 578 613 - 530 BEET
DREX1&T THO0BED . SOEZESID 7600 42 1215 1 1B EEd 4
DREX 18 THA0355 | alEEATD B72 68 G4 [T 1.5E EEE]
ORE®ZT TAINIGS | BOEZE2EN 21252 5 Bd4 300 BES 5
DOREXSS TAO154 o GDESN2ES G673 54 2640 H 2.5 GRS A
MCDDoE2 T407RAE | GDE1ESTE TR 50 258 1 18.82 G554
MCRGCIM TaaaT GOENTLE 71938 55 B 1.3 Mza
MCRED2 THIN1.8 BOEITASA 73024 55 1600 1214 0T A
MCRGCI0S T4O84 1 D635 T 50 1286 : B85 1449
MCRGI0S THAGBTO . BDESTI4.Z T2 56 ] 1164 = B.82 7134
MCRCIOT TEI144 ¢ GEIETAE 71544 -5 11g8 = B.5E 7065
MCRGO0E TAORERS | GDEMID.Y 3% 52 50 040 H 210 1132
MCRGCO0E T4OEB4 4 | GDEIINIE 112 50 2542 H 18,48 066
MERGHD TADEDES | BOEZATR FRE £ HE 7 4 fEE]
MCRCHMA THORET | GDERTAL 73302 5 16566 1 1183 704
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Location Elevation SWL (mbGL) SWL
BoreiHale imE} {mh) {RLm | Hole Dip rneasuresd Q'" corracted {RLm)
RCRCIS TAATTEA 1 BOGIHIEE [ -5 17.81 1 15.43% G544
MCRGH1E T49ER4.3 1 E0G1ER2T HET &7 55 2287 H 15 58 [EEE]
RCRCIS TAENBE [ G0GI053E [P -5 14.1% 1 11635 [
MCRCI20 TENMAE [ G0EI0ET 3 671.55 55 1347 i 10.7% G604
MCRCIH TAB1305 GOEZI040 [T 54 981 H 7.04 G158
MCRC022 TR ¢ GlERI0AZ Gbd.27 - 25.50 : 2064 Gi3G
MCRCI23 TE152E 1 GOEH286 A5 50 2182 18.71 BE1.8
MCRIZI24 TENG.E 1 IR0 B85 15 53 [ 1512 0
MCRCIE TEAE 1 GOEHID BEE 4T - 085 ¢+ 1806 G674
MCRCI2E TEN0T 1 G0EINNGA HEE 50 &0 16.07 H 13.82 [FL
MCRCOET TB4TEA 1 G0G1%ER2 #7215 -85 7 FETT] | .65 6502
RICRCO2E THEE5S G061820.1 il &5 26.16 23N fa4.7
MCRCH2S T4E401 8 GOG1819.8 fEd 51 55 28.49 23 Ha5 2
RACRCOI0 TAEMA5E - GOG15E5.H T0M.73 G2 173 - 31332 G684

Mobes: i) SWL = slafic water laveal

i} mbTCC = matres below top of casing
iii) comeded = SWL correclad for the angle (dip) of the hole
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Appendix 6

Drawdown and Recovery Contours — Years 1-8
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