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GROUNDWATER IMPACT ASSESSMENT

REPORT FOR THE

TAROBORAH COAL PROJECT

1 INTRODUCTION

The Taroborah Coal Project (the Project) is a proposed coal mine in Central Queensland, located
approximately 22 km west of Emerald and 340 km northwest of the port at Gladstone (Figure 1).
The Project is located on Mineral Development Licence (MDL) 467, which is held by
Shenhua International Group Pty Ltd (the Proponent).

The Proponent proposes a combination of underground and open-cut mining methods to develop
the resource, with an on-site Coal Handling and Preparation Plant (CHPP) for washing the coal.
The proposed open-cut mine is situated within the southern part of the MDL, south of the
Capricorn Highway; whilst the underground mine is to the north.

The Proponent engaged AustralAsian Resource Consultants Pty Ltd (AARC) to manage the
environmental approvals process. An Environmental Impact Statement (EIS) is required for the
development to be approved and issued with an Environmental Authority (EA). AARC
commissioned Australasian Groundwater and Environmental Consultants Pty Ltd (AGE) to
complete the groundwater impact assessment as part of the EIS for the Project, which is
presented in this report. Amendments to the report during the approvals processes were
commissioned directly by the Proponent.

1.1 Scope of Work

The scope of work for the groundwater impact assessment is based on the Terms of Reference
(TOR) for the Project EIS, prepared by the Queensland Government Department of Environment
and Heritage Protection (EHP) and briefing discussions held between AGE and AARC.

In order to address the TOR and complete the groundwater impact assessment, six key tasks
were undertaken, described below:

1. Review of all available data and historical reports to develop an appreciation of the
physical, geological and hydrogeological setting of the area including:
o existing baseline groundwater data;
o geological and environmental reports from the Project area and surrounds;
o site specific exploration data; and

o existing bore data held on the Department of Natural Resources and Mines
(DNRM) groundwater database (GWDB).
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e collecting site specific data in the field to address knowledge gaps identified during the
review stage including:

o drilling and installation of monitoring bores;

o measuring groundwater levels and quality;

o testing hydraulic properties; and

o identifying existing groundwater users through a landholder bore census.

2. Developing a conceptual understanding of the local groundwater system based on existing
data and the data collected during field investigations;

3. Constructing a numerical groundwater model based on the conceptual understanding - the
modelling included a predictive assessment of the scale and extent of mining impacts on
groundwater levels, water quality, and existing groundwater users during mine operations
and post closure;

4. developing mitigation and management strategies where potential environmental issues,
and potential impacts on existing and future groundwater users, were identified from the
predictive modelling; and

5. Formulating a groundwater monitoring program to collect data (levels and quality) before,
during, and after mining, in order to assess actual impacts from the mining operation.

2 PHYSICAL SETTING
2.1 Land Use

Within the Project area cattle grazing is the main land use, which utilises groundwater for stock
water supply. Groundwater is also used for limited farm water supply. The area has been largely
cleared of native vegetation except along watercourses, where some remnant riparian vegetation
exists. The Fairburn State Forest is adjacent to the eastern boundary of the project and is used for
forestry purposes. Historically, the Retreat Creek alluvium located west (upstream) of the Project
area has been mined for gravel and gemstones.

No operating mines currently exist within 10 km of the Project boundary. The closest operating
mines are relatively remote, with Minerva Coal Mine located over 45 km to the south, as well as
Ensham Coal Mine and Kestrel Coal Mine located over 50 km north-east of the Project area. A
proposed mine development, the Valeria Coal Project (MDL 219), is located 13 km north of the
Project. Figure 1 shows the site location and surrounding features.

2.2 Groundwater Dependent Ecosystems

The Federal Government has established the National Atlas of Groundwater Dependent
Ecosystems (GDESs)', based on the current knowledge of GDEs across Australia. The atlas shows
known GDEs and ecosystems that potentially use groundwater, and is considered the most
comprehensive inventory of the location and characteristics of GDEs in Australia. The GDE Atlas
was created using remote sensing data, previous mapping and literature reviews.

Data derived from the Bureau of Meteorology (2012) Groundwater Dependent Ecosystems Atlas
shows that ecosystems within and surrounding the Project area have a low to moderate potential
for groundwater interaction (Figure 2).

! http://www.bom.gov.au/water/groundwater/gde/index.shtml
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2.3 Topography and Drainage

Figure 2 shows topography and drainage across the Project area and surrounds the land surface
gently undulates in the Project area and varies from about 200 m above Australian Height Datum
(AHD) to 255 mAHD. Topographic highs surrounding the Project area include Luxland Hill
(343 mAHD) to the northwest, and the Anakie Range located approximately 30 km west of the
Project area.

There are several eastward flowing ephemeral drainage features within the region, including:

e Retreat Creek;

e Taroborah Creek;

e St Helens Creek; and
o Kettle Creek.

Retreat Creek crosses the north-west corner of the Project area, while Taroborah Creek runs east-
west, to the south of the Capricorn Highway. Taroborah Creek joins St Helens Creek some five
km east of the MDL before flowing into the Nogoa River (Figure 2).

Lake Maraboon, Queensland’s second largest lake is located approximately 5 km south of the
Project boundary. The lake was created following construction of the Fairburn Dam in 1972 and
currently provides water to about 300 irrigators within the Emerald Region. Lake Maraboon
discharges to the Nogoa River with flow maintained to supply a consistent water supply to the
downstream irrigators.



590000

LUXLEANDLH
343mAHD

7420000

7410000

7400000

7390000

3 ’ -
. Fairbairn Dam

A

7380000

n
n
(]
c
o
N
g
- kilometres
U]
= Scale: 1:270,000
LEGEND: Elevation (mAHD) Taroborah Coal Project
] MDL Boundary (467) A& Wountati 557 Groundwater Assessment (G1588)
W Peputaed Place g Topography, Drainage and GDEs
=== Watercourse |:| Lake
=== Highway
—— Railway
GDE Atlas (BOM) 300
(Surface Expression of Groundwater)
Il High potential for GW interaction 200 aw \ NP J| WPy DATE: FIGURE No:
7] Moderate potential for GW interaction [ 153 vw 26/9/2014 2
|| Low potential for GW interaction "Onrer s enieo™

©2014 Australasian Groundwater and Environmental Consultants Pty Ltd (AGE) - www.ageconsultants.com.au



Page 6
Project No. G1588 (Taroborah)

2.4 Climate

The Project area has a sub-tropical climate, typical for Central Queensland. Climatic data is
available from the (now decommissioned) Bureau of Meteorology (BoM) weather station at
Emerald Post Office (Station No. 35027) for the period 1881 and 1992; and from Emerald Airport
(Station No. 35264) from 1992. Emerald Airport is located about 25 km to the east of the Project,
and is the closest long-term BoM meteorological station to the Project. Table 1 shows a summary
of average monthly rainfall at the two BoM stations between 1900 and 2013.

Table 1: MONTHLY AVERAGE RAINFALL (STATION No. 35027 and 35264)

Average

Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec | Annual
Monthly

R(""ni]”r;";‘” 995 | 959 | 661 |35 |327 |31.9 |266 | 194 | 226 | 387 |61.1 |91.9 | 6215

The data in Table 1 shows that rainfall is highest during the summer months of December,
January, and February. The average annual rainfall from 1900 to 2013 is 621.5 mm.

The Cumulative Rainfall Departure (CRD) method (Weber and Stewart, 2004) shows graphically
rainfall trends compared against long-term average monthly rainfall. A rising trend in the CRD
indicates periods of above average rainfall, whilst a falling slope indicates periods of below
average rainfall. Figure 3 shows the CRD for the period 1900 to 2013, and Figure 3, indicates the
area experienced below average rainfall from 2000 to 2006, (this period is now known as the
Millennium drought) followed by above average rainfall.
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Emerald Post Office (Station 35027)
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3 GEOLOGICAL SETTING

The sections below describe the geological setting of the area. Data used to describe the geology
has been obtained from the following three sources:

e historical investigations from published reports;
e published surface and basement geology maps; and
e recent exploration and resource drilling across the Project area.

Figure 4 illustrates 1:250,000 scale Bowen Basin basement geology map for the Project area.
Figure 5 illustrates the surface geology for the Project area based on the 1:100,000 scale
Rubyvale (Sheet 8451) and Anakie (Sheet 8450) geological map sheets. The basement geology
map (Figure 4) shows that the Project area is within Permian aged sediments, located
approximately 2 km east of the Devonian aged Anakie Metamorphics.

Exploration drilling by the Proponent has confirmed that three major geological units are present
within the Project area at depths shallower than 250 m. The stratigraphy typically comprises
Permian coal measures overlain by Tertiary basalts and Quaternary alluvium. Table 2 summarises
the stratigraphy of the Project area and surrounds.

Table 2: STRATIGRAPHY OF PROJECT AREA

Map
Symbol

Age Unit Lithology Thickness

Sands and minor gravel related to
Alluvium Qa present day streams, creeks and rivers;
deposited during the Quaternary.

Silt, mud, basalt derived colluvial and
Quaternary - Colluvium Qr residual deposits; deposited during the <30m
Tertiary Quaternary.

Poorly consolidated sand, silt, clay,

High-level TQa minor gravel, generally related to
alluvium present-day stream valleys; deposited
during the Quaternary (and late Tertiary).
Tertiary Basalt/Clay To Qllvme basalt where fresh. Clay where <90 m
highly weathered.
Fine grained marine sandstone. <150 m
Fine to coarse fluvio-deltaic sandstone.
: Aldebaran ; ;
Permian Sandstone Pbl Contains coal and coarse grained pebbly
unit.
50m-100 m

Coal seams include the A and B seams,
which are the target seams for the
Project.

Section 3.1 to Section 3.3 describe the stratigraphy of the area according to stratigraphic order,
from youngest to oldest.
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3.1 Quaternary Alluvium

The 1:100,000 surface geology (Figure 5) shows a thin cover of alluvial (Qa and TQa) and colluvial
(Qr) sediments deposited across much of the western and northern portions of the Project area.
Recent exploration drilling shows that the alluvial cover, where encountered, generally comprises
less than 25 m of poorly consolidated clays, silts, sands and gravels. Thicker alluvial deposits are
likely to exist within the present-day floodplains of Retreat Creek and Taroborah Creek.

The alluvial and colluvial deposits unconformably overlie Tertiary basalt (Tb) and sediments.
Where the Tertiary geology is absent, the Quaternary alluvium and colluvium directly overlie the
Permian Aldebaran Sandstone (Pbl).

Available exploration drill logs indicate that the extent of the alluvium is relatively consistent with
the 1:100,000 geological mapping. However, exploration drilling has largely been conducted
outside the alluvial floodplain, and therefore, some areas of mapped alluvium are expected to
differ from local ground conditions.

3.2 Tertiary Basalt and Sediments

The 1:100,000 surface geology shows that Tertiary basalts outcrop throughout much of the middle
and southern portions of the Project area (Figure 5). Where fresh, the basalt is described as being
of a dark grey olivine type that is often highly vesicular (D’Arcy, 1988).

Three main observations about the nature of the Tertiary deposits can be deduced from the recent
exploration drilling across the Project area. Firstly, fresh basalt occurs only sporadically, and
where present is generally less than 30 m thick. Secondly, fresh basalt (where present) is
generally underlain by highly weathered Tertiary clays and sands, and occasional silts and gravels
that range in thickness from 30 m to 90 m. And lastly the weathered clays and sands progressively
grade into weathered Permian deposits beneath.

3.3 Permian Strata

The Permian Aldebaran Sandstone underlies the Tertiary deposits. The 1:100,000 basement
geology (Figure 4) shows that the Aldebaran Sandstone sub-crops throughout the central and
northern areas of the Project area.

Exploration logs and previous reporting (D’Arcy, 1988) indicates the Aldebaran Sandstone is
predominantly composed of quartzose sandstone deposited during cyclic marine to fluvial-deltaic
environments and interbedded with conglomerate, shale, siltstone and coal. Below the base of
weathering, strata is dominated by fine to very fine grained sandstones with occasional medium
grained horizons deposited during a marine transgression. This fine grained sandstone has been
removed by erosion in the south, where outcropping granite is present, but is up to 150 m thick in
the northern portion of the Project area.

Coarser grained fluvio-deltaic sandstones interspersed with several coal seams underlie the fine
grained sandstone. The upper two coal seams in this sequence are locally referred to as the A and
B seams, which are the target coal seams for the proposed mining operation. Site exploration data
indicates that:

o the A seam has an average thickness of 1.2 m, and the underlying B seam 3.0 m
thickness;

e interburden which ranges in thickness from 5 m to 14 m, with an average thickness of 10 m
separates the A and B seams;
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o interburden material comprises fine to coarse grained sandstone with occasional thin
siltstone, mudstone and pebble horizons; and

¢ depth to the A seam ranges from about 40 mbgl where it occurs at sub-crop, to the north of
Taroborah Creek in the south, deepening to about 200 mbgl at the northern Project
boundary.

3.4 Structural Geology

The Project area is situated on the north-western edge of the Denison Trough, in the south-west of
the Bowen Basin. The major period of deformation within the Denison Trough occurred prior to the
Permian. Consequently, the pre-Permian basement is generally steeply dipping with major faults
generally trending in a NNW-SSE, NW-SE and WSW-ENE direction.

Within the Emerald region, a potential fault trace along the Comet Platform displaces the
Reids Dome Beds to the south. This likely relates to the upthrown, subsurface expression of the
Reids Dome Beds to the north of Kettle Creek and the Project area. This indicates a rapid change
in the stratigraphic bedding of the Aldebaran Sandstone, which have been mapped from
exploration drilling and seismic surveys as dipping towards the north.

The structural geology to the east of the Project area has been variably mapped as being either:

e on the western limb of the north-north-west continuation of the Springsure Anticline
(Veevers et al., 1962); or

e within a fault bound graben structure, which trends northward and is positioned to the west
of the main Denison Trough (D’Arcy, 1988).

Historic and recent exploration drilling indicates that the Project area contains a considerable
thickness of Permian sediments that unconformably overlie a mixed basement of block faulted pre-
Permian Retreat Granite and Drummond Basin sedimentary units. Seismic surveys and
exploration drilling have identified several NW-SE trending faults to the east and west of the
Project area (Figure 4). Thin, lower coal measures have been documented outside of the fault
zones; however, no coal was intersected along the hinge zone of the inferred anticline (Veevers et
al., 1962). Overall, geological investigations and mapping show that the region has undergone
extensive periods of deformation, resulting in disconnection of the coal seams from stratigraphy
east of the Veevers et al. (1962) inferred anticline.

4  FIELD INVESTIGATIONS

AGE undertook groundwater investigations at the Project site between December 2011 and
April 2013. Data collected from the field investigations has been used to determine the baseline
groundwater conditions for the Project, and to conceptualise the groundwater regime. These
investigations have comprised the following:

e a detailed field investigation program to install monitoring bores within each of the major
geological units;

e several ‘bore census’, to determine existing groundwater use at the Project site and its
surrounds;

e groundwater sample collection and water quality analyses; and

e hydraulic testing.

Further details of the field investigation methodology and data are included in Appendix A.
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4.1 Groundwater Monitoring Network

The groundwater monitoring network across the Project area comprises 19 bores, which were
constructed in two stages. Matrixplus Consulting Pty Ltd (Matrixplus) installed seven monitoring
bores within exploration holes between May 2008 and September 2009, which are identified as the
TAR series bores. An additional 12 monitoring bores (MB series bores) were drilled and
constructed between January and March 2013 as part of the AGE field investigation (Appendix A).

Limited historical groundwater level data is available from the monitoring bores installed prior to
2013, due to instrument error. One round of groundwater level and quality monitoring was
conducted in April 2013, with dataloggers installed in 18 of the 19 existing monitoring bores.
Another groundwater sampling round was carried out in May 2014, with a datalogger installed in
the remaining monitoring bores. The groundwater level hydrographs are presented in Section 6.

The bore locations overlain on the surface geology map are shown in Figure 6, and construction
details are summarised in Table 3 below. Further construction and monitoring details are included
within Table A-2 of Appendix A.

Table 3: GROUNDWATER MONITORING NETWORK

Coordinates Drilled Screen
Hole ID Geological Unit Lithology Depth
mE mN (mbGL) (mbGL)
MBO1_B | 592504 | 7399983 Tertiary Clay, silt 43 27.9-33.9
MB02.C | 503007 | 7397502 |  Aldebaran Coal - B Seam 103 92.2-95.2
Sandstone
MBO02_S 504017 | 7397580 Aldebaran Pebb!y coarse gramed sandstone 154 8935 - 9535
Sandstone (directly overlying B Seam)
., MBO3_S 599667 | 7399771 Aldebaran Coarse horizon within fine grained 163 76 - 82
2 Sandstone sandstone
B MB04C | 503513 | 7309534 |  Adebaran Coal - B seam 173 | 1185-1205
@ Sandstone .
g MBO4 S | 593493 | 7399537 é—\ldebaran Pebb!y coarse gramed sandstone 130 100 - 106
o0 andstone (directly overlying B Seam)
S MBOS.C |598860 | 7398819 | Ao Coal - A seam 151 141 - 144
S andstone
N MB06_B | 592471 | 7394530 Tertiary Clay, Silt 40 19.4-25.4
MBO7_B | 592065 | 7393041 Aldebaran Fine grained sandstone 312 27.5-30.6
Sandstone
MB08_B | 594668 | 7390096 Tertiary Clay, gravel 60 40 - 46
MBOO_T | 593575 | 7401714 | Quaternary alluvium Sand 43 24 -30
MB10_T 600020 | 7402656 | Quaternary alluvium Silt, gravel 30 12.7 -18.7
TARO16_CR | 594956 | 7395372 Aldebaran Pebb!y coarse grajned sandstone 85 58 - 64
Sandstone (directly overlying A Seam)
[72] T
g TAR040 C | 600263 | 7396108 Aldebaran Pebb!y coarse gramed sandstone 841 55 - 58
m Sandstone (directly overlying A Seam)
. .
2| TAR053 505642 | 7395113 Aldebaran Pebb!y coarse gramed sandstone 97 50 .58
S Sandstone (directly overlying A Seam)
| TAR176.C | 595549 | 7400349 |  Aldebaran Fine grained sandstone 168 97 - 103
- Sandstone
S| TARI77_C | 594586 | 7400197 Tertiary Fresh basalt 202 18-21
N T
2| TAR189.C |598843 | 739881 |  /ldebaran Pebbly coarse grained sandstone 164 | 137.5-1405
S Sandstone (directly overlying A Seam)
TAR249 C | 596635 | 7397000 | Aldebaran Pebbly coarse grained sandstone | 1404 | g45_g75
Sandstone (directly overlying A Seam)

Note: Coordinates in MGA 94 Zone 55
mbGL — metres below ground level
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4.2 Bore Census

Forty-five existing groundwater bores were identified within 10 km of the Project boundary during
field surveys undertaken in December 2011 and April 2013. Twenty-two of these bores were
identified as being currently in use, with the main use being for stock purposes. Some bores are
identified as being used for farm water supply and one bore is identified as being used for
untreated drinking water. The identified bores have the following spatial distribution:

¢ five within the Project boundary;
¢ nine within 5 km of the Project boundary; and
e eight between 5 km and 10 km from the Project boundary.

Table 3 summarises bore details for the 22 bores identified as being currently in use, and Figure 7
shows the location of these bores. A summary of the full bore survey results is provided in
Appendix A, Table A-7. Private bores draw water from the following five geological units:

e Tertiary Basalt — 11 bores;

e Aldebaran Sandstone — six bores;
e Quaternary alluvium — three bores;
e Tertiary gravels — one bore; and

e Colinlea Sandstone — one bore.

The main source of groundwater within the Project area is from the Aldebaran Sandstone. All six
bores inferred to be screened across Aldebaran Sandstone are located either within the
Project area, or immediately to the east of the Project boundary (Figure 7). In contrast, the main
source of groundwater outside the Project area is from the Tertiary basalt. The majority of bores
using the basalt are located to the west of the Project boundary. This coincides with observations
from exploration drilling that the basalt within the Project area is thin (less than 30 m) and poorly
distributed.

Landholders utilising groundwater within the Quaternary alluvium are located north of the
Project area, where three groundwater bores are associated with the alluvium of Retreat Creek
and Kettle Creek. Two landholder bores are also located along Centre Creek, west (upstream) of
the Project area. According to the DNRM GWDB, one targets the Colinlea Sandstone (RN 89399),
while the other (RN 90250) targets the Tertiary gravels.

Limited data was available from the landholder bores due to access constraints and operational
issues. Therefore hydraulic parameters, drawdown data and long-term monitoring data were not
available from these bores for this assessment.
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Table 4: CURRENTLY USED LANDHOLDER BORES IDENTIFIED DURING BORE CENSUS

. DNRM
gg?leelcé Registered Easting (m) Northing (m) Bore Use Data Recorded Inferred Geological Unit
Bore No.
Within Project Area
2 Not Registered 595087 7394403 Stock - Tertiary Basalt / Aldebaran Sandstone
3 Not Registered 599193 7396249 Stock, farm and | Field pH and salinity Aldebaran Sandstone — Pebbly coarse grained sandstone
7 90064 596819 7396888 Stock and farm water | Field pH and salinity Aldebaran Sandstone — Pebbly coarse grained sandstone
8 67349 592950 7400839 Stock Water level, field pH and salinity Tertiary Basalt
9 84184 593437 7396628 Stock - Aldebaran Sandstone (Unit?)
Within 5 km of Project boundaries
11 37770 592914 7386412 Stock Water level Tertiary basalt
13 103908 589653 7403718 Stock Field pH and salinity Quaternary Alluvium (Retreat Creek)
15 47238 605840 7400508 Stock and farm water | Water level, field pH and salinity | Tertiary Basalt/Sediments
16 90250 588803 7398913 Stock - Tertiary Gravel
17 103728 602849 7400245 Stock Field pH and salinity Aldebaran Sandstone (Unit?)
18 103729 600681 7399512 Stock Field pH and salinity Aldebaran Sandstone (Unit?)
20 Not Registered 587049 7394528 Stock and farm water | Water level, field pH and salinity | Tertiary Basalt (vesicular)
21 57603 600739 7393663 Stock - Aldebaran Sandstone (Unit?)
23 89399 586128* 7399707* Stock and farm water | - Colinlea Sandstone
Between 5 km and 10 km of Project boundaries
27 Not Registered 583773 7388873 Stock Field pH and salinity Tertiary Basalt
28 Not Registered 589127 7387106 Stock - Tertiary Basalt
31 Not Registered 584132 7390174 Farm water Water level, field pH and salinity | Tertiary Basalt
32 Not Registered 587605 7386451 Stock - Tertiary Basalt
37 89387 584831* 7405866* Stock - Quaternary Alluvium (Retreat Creek)
44 47323 595100 7410014 Stock Water level, field pH and salinity | Quaternary Alluvium (Kettle Creek)
47 Not Registered 584393 7392258 Stock and spray rigs Field pH and salinity Tertiary Basalt (vesicular)
50 47217 581765 7395658 Stock Water level, field pH and salinity | Tertiary Basalt (vesicular)
Notes: Co-ordinate datum GDA94, Zone 55

* bore location identified from DNRM GWDB (all other bore locations identified by handheld GPS in the field)
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5 PREVIOUS GROUNDWATER INVESTIGATIONS

Historically, the groundwater potential of the Project area was recognised during resource drilling
undertaken by the Queensland Department of Mines between 1985 and 1987. Groundwater
observations during this drilling program are summarised by D’Arcy (1988) as follows:

“Significant groundwater resources are present in the Taroborah area. During the second stage of
departmental drilling, flows of between 1600 litres/hour and 9100 litres/hour were recorded from a
number of holes. Smaller flows were obtained from aquifers in the Cainozoic sandstone gravels
and vesicular basalts. Larger flows were obtained from a number of thick sandstone beds in the
Permian strata. Local landholders report that water flows were smaller and less common prior to
construction of Fairburn Dam, which now probably acts as a recharge source for many of the
aquifers.”

More recently, groundwater yields were measured during exploration drilling between 2008 and
2010. Flow rate testing was conducted during drilling operations by measuring air-lift yields at the
base of the hole or at any depth where significant groundwater flows were intersected.
Groundwater flows were recorded for over 100 intersections, particularly within units of the
Aldebaran Sandstone, with measured flow rates of between 0.02 L/s and 20 L/s. Further
discussion of the results is presented in Section 6 of this report.

A numerical groundwater model for the Taroborah Project was previously undertaken in 2009 by
Matrixplus (Matrixplus, 2009). Conceptualisation of the groundwater system relied heavily on
geological data collected from exploration drilling, as well as published geological maps. Hydraulic
properties for the different model layers were largely inferred from the Kestrel and Crinum coal
mines (50 km to the north-east) as limited site-specific data was available at the time.

6 EXISTING GROUNDWATER REGIME

The following description of the existing groundwater regime for the Project area is based on a
review of the site geology and data obtained from the following sources:

¢ DNRM GWDB and bore census results (Section 4.2 and Appendix A);

e exploration drilling for the Project area;

o field investigations undertaken for the Project including lithological logs, water
intersections, groundwater yield, water quality data and standing water levels measured
from monitoring bores (Appendix A); and

e previous groundwater investigations (Section 5).
The following geological units form groundwater systems within and surrounding the Project area:

e Quaternary alluvium, located primarily along Taroborah Creek, Retreat Creek and
Kettle Creek;
e Tertiary basalt, and to a lesser extent Tertiary sands and gravels; and

e Permian Aldebaran Sandstone.

This section of the report discusses the different groundwater systems, and the data used to
develop the conceptual groundwater model.
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6.1 Permian Aldebaran Sandstone
6.1.1 Nature, Distribution, Yield and Use

The Permian Aldebaran Sandstone appears on the 1:250,000 published basement geology map
(Figure 4) as the predominant sub-surface geological unit within the Project area. The Aldebaran
Sandstone was extensively drilled during exploration, and the geological distribution and structure
of this formation is well defined within the Taroborah Project geological model.

As detailed under Section 3.4 of the report, geologically the region has undergone extensive
periods of deformation, resulting in disconnection of the coal seams from stratigraphy east of the
Project area. This can therefore be considered as representing a regional boundary to
groundwater flow.

Observations during recent drilling of groundwater monitoring bores, together with exploration
drilling results, have shown groundwater to be present under confined conditions throughout a
number of different horizons within the Aldebaran Sandstone including:

e A and B coal seams;
e pebbly coarse-grained sandstone unit directly overlying A seam; and
¢ shallower, predominantly fine-grained sandstones.

Bore census results show that the Permian Aldebaran Sandstone is the most commonly used
groundwater system within the Project area. However, regionally only six of the 22 landholder
bores identified within 10 km of the Project area (Section 4.2) target the Aldebaran Sandstone.
This indicates that landholder water usage is supplemented by surface water capture and mains
water supply (i.e. for drinking water supply). Each of the Permian Aldebaran Sandstone horizons
are discussed as follows.

Fine grained sandstones

Borelogs show that groundwater within the fine grained sandstones is not only present within the
fine-grained portion of the unit, but is typically also present where coarser grained horizons, or
palaeochannels, are intersected. As observed throughout other areas of the Bowen Basin,
groundwater flow within the fine-grained component typically occurs through secondary fractures,
with the amount of flow controlled by the extent of the fracturing.

Air-lift yields measured during exploration drilling (51 groundwater intersections) varied between
0.17 L/s and 15 L/s, with an average of 1.9 L/s. Yields are generally higher in the north of the
Project area. There is no correlation between air-lift yield and grain size. The exploration yields are
likely to be biased towards higher values as water flows were only measured where significant
flows were intercepted.

During installation of additional groundwater monitoring bores in 2013 (see Appendix A), the air-lift
yield for a bore intersecting the fine grained Aldebaran Sandstone (MB03_S) was recorded at a
rate of 0.07 L/s. Bore MBO7_B, which is also screened across the fine grained sandstone, was
drilled as a dry hole, highlighting that the unit is not saturated over its full thickness.



Page 19
Project No. G1588 (Taroborah)

Y sm \ WP J WPy
™

Pebbly coarse grained sandstone layer

The main water bearing unit within the Project area is the pebbly coarse grained sandstone unit
that lies directly on top of A seam. Drilling results show that this coarse layer is consistent and
present throughout most of the Project area. Observations of geological cores and chip samples
suggest this unit contains both primary porosity where groundwater is contained within pore
spaces and secondary porosity where groundwater occurs within joints and/or fractures. The unit
may act as either a confined or leaky unit, depending on the contact with the underlying coal
seam. Where the contact with the underlying A seam is comprised of coarse sandstone,
groundwater may leak from the unit into the coal seam. In contrast, where the contact with the
underlying seam comprises siltstone or mudstone, hydraulic connection between the coarse
sandstone and coal seam may be limited.

During exploration drilling, air-lift yields measured at 13 groundwater intersections were recorded
at rates of between 0.5 L/s and 20 L/s, with an average of 3.1 L/s. Similar results were recorded
during the 2013 monitoring bore installation program, where air-lift yields for five bores intersecting
the pebbly course sandstone were measured at rates of between 0.3 L/s and 7 L/s. Similarly to the
fine grained sandstone unit, yields for this coarse grained sandstone unit are generally higher in
the north of the Project area.

Coal seams

Observations during drilling have shown groundwater to be present within the A and B coal seams
within the Project area. Air-lift yields within the coal seams were recorded for two bores during the
exploration drilling program with measured flows of 0.5 L/s (TAR199 C) and 1 L/s (TAR187_C).
The potential for these flows to be influenced by the presence of the overlying sandstone is
unknown. Air-lift yields measured during the 2013 monitoring bore installation program showed no
significant increase in flows upon interception of the deeper coal seam.

As observed throughout the Bowen Basin, groundwater storage and movement within coal
typically occurs within the coal cleats and fissures, and within open fractures that intersect the
seams. The hydraulic connection between the A seam and the overlying pebbly coarse sandstone
layer is likely to be dependent on the nature of the contact between these units, as described
above. Likewise, the hydraulic connection between the A and B seams depends on the
composition of the interburden material. Where the interburden is largely comprised of permeable
coarse grained sandstones, the A and B seams are likely to be hydraulically connected. In
contrast, hydraulic connection will be limited where the interburden contains low permeability
siltstones or mudstones, and the A and B seams are likely to be hydraulically disconnected.

6.1.2 Hydraulic Parameters

Table 5 summarises the results of falling head tests conducted during the 2013 field investigation
(Appendix A) for ten bores. The results indicate the hydraulic conductivity is over one order of
magnitude higher in the pebbly coarse-grained sandstone compared to the underlying coal seams
and overlying fine grained sandstone. In general, the hydraulic conductivity results for the Permian
strata are comparable to those measured in similar units for neighbouring projects.
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Table 5: HYDRAULIC CONDUCTIVITY OF ALDEBARAN SANDSTONE
Lithology Hy-/draullc Conductivity (m/day) ﬁgég
Min. Max. Avg.
Pebbly coarse-grained sandstone 3.0 x 10° 3.00 1.10 5
Coal seams 23x10% | 1.7x10" | 8.1x10? 3
Fine grained sandstone 11x10% | 54x10% | 3.3x107 2

6.1.3 Potentiometric Surface, Recharge, Flow and Discharge

Nested facilities, which are bores located within the same site but intersecting different strata, can
be used to measure the vertical hydraulic gradients between different geological units. There are
three nested facilities across the Project, located at the following locations:

e MBO02_C (B seam) and MB02_S (pebbly coarse sandstone);
e MBO04_C (B seam) and MB04_S (pebbly coarse sandstone); and
e MBO05_C (A seam) and TAR189_C (pebbly coarse sandstone).

Recent groundwater levels at MB02 show a measured upward gradient from the pebbly coarse
sandstone (188.92 mAHD at MB02_S) and the B coal seam (189.96 mAHD at MB02_C). The 1 m
difference in groundwater levels suggest that the pebbly sandstone and underlying B seam are
partially hydraulically disconnected at this location. A degree of hydraulic disconnection is also
indicated by a difference in EC values between the two bores (2,153 uS/cm at MB02_C compared
to 1,463 uS/cm at MB02_S).

In contrast, groundwater levels at the other nested facilities are very similar (193.6 mAHD at
MBO04_S versus 192.35 mAHD at MB04_C; and 191.98 mAHD at MB05_C versus 191.98 mAHD
at TAR189_C). The similarity in groundwater levels suggest that the pebbly coarse sandstone and
coal seams are hydraulically connected at these locations. Hydraulic connection at MB04 is also
indicated by the similarity in EC values between MB04_C (2,377 uS/cm) and MB04_S
(2,313 uS/cm).

Figure 8 shows the potentiometric surface of the pebbly coarse sandstone unit inferred from
groundwater levels measured in monitoring bores during May 2014. The contours indicate that
groundwater flow within the pebbly coarse sandstone reflects topography flows towards the south.
Pumping from bore RN90064 appears to locally influence groundwater levels in the coarse
sandstone creating a local zone of drawdown.

Recharge potentially occurs via rainfall percolation from mapped sub-crops of the Aldebaran
Sandstone, shown on the 1:250,000 surface geology map (Figure 5). However, review of lithology
east of the project area (MB03_S), where the Aldebaran Sandstone subcrops, indicates the
presence of thick sequences of shallow silts and clays that would inhibit recharge. Therefore,
recharge predominantly occurs via more permeable zones within the regolith and Tertiary basalt,
as well as downward percolation from Quaternary alluvium associated with Retreat Creek.
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Section 1.3.4 within Appendix B discusses the application of recharge in the numerical model.
There are not enough measured groundwater levels within the fine sandstone unit and coal seams
to produce potentiometric contours for these units. Groundwater levels measured within the coal
seams show little variation across the Project, with a range of 191.56 mAHD (MB02_C) to
192.34 mAHD (MB04_C).

Recharge to the fine grained sandstones and coal seams are likely to originate from the same
sources as the pebbly coarse sandstone. Recharge to the Aldebaran Sandstone may also occur
from leakage of overlying geological units. Discharge from the Aldebaran Sandstone will occur
down-gradient from the groundwater flow direction.
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Figure 9 presents water level hydrographs for the Permian monitoring bores.

195

193

191

5 189 —MB02_C

z —MB02_S

§ 187 —MBO03_S

i‘j —MB04_C

5 185 —MB04_S

g —MBO05_C

§ TARO16_CR

3 183

g —TAR040_C

—TAR176_C

181 —TAR249_C

179

—— N

177

NCIE NN T N N BN N 2 \- BN T N N N N e
¢ X & S b & < ¢ & S $ X o
ARG N 3 S (oef? o) S NPT RN RN Q& N

Figure 9: Water Level Hydrographs — Permian Monitoring Bores

The hydrographs show a general flat trend for all bores. However, there are some bores
(TAR040_C, MB04_S and TAR249_S) that show variability in the data record.

The water level within TAR0O40_C reduced 5m in mid 2013, then remained stable for the
remainder of the water level record. This would suggest an error in the early time data that is not
representative of the bore. MB04_S does not fluctuate for the majority of the record, with a marked
upward trend from March 2014. This unusual upward trend is considered to be drift within the
logger sensor and is not considered representative of the water level in the bore.

Bore TAR249 _C shows a water level trend that is typical of interference from a local water supply
bore (the closest bore identified in the census is RN90064). The trend shows drawdown and
recovery in the order of 2 m to 3 m, however in general, the bore is exhibiting a relatively flat
hydrograph over the record.

The groundwater levels for MB0O3_S are over 10 m below the other bores. MB0O3_S is located east
of the project, and is screened within low permeability Aldebaran Sandstone. Whilst this lower
water level may appear to indicate a degree of hydraulic disconnection, this bore was not
adequately developed following construction, so it is possible the measured levels are not
considered representative.
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6.2 Tertiary Basalt and Sediments
6.2.1 Nature, Distribution, Yield and Use

Bore census results show that Tertiary basalts are predominantly used by landholders located to
the west of the Project area, where the basalts are typically described as being fresh and vesicular
(Figure 7). The basalt is not heavily used within the Project area, with only one landholder bore
identified during the bore census.

Groundwater within basalt typically occurs within fractured and vesicular horizons. The yield from
the basalts depends on the extent, interconnection and intensity of the fractures. Air-lift yields
within Tertiary basalts were recorded for four bores during the exploration drilling program, with
measured flows of between 0.6 L/s and 5 L/s.

Drilling has shown groundwater to also be present within Tertiary clays, sands, and gravels, with
measured yields generally lower than that of the basalts. The presence of thick impermeable
Tertiary clays throughout the Project area suggests the Tertiary units are likely to be confined and
hydraulically disconnected from the underlying Aldebaran Sandstone. Groundwater flows were too
low to be measured by air lift tests for monitoring bores MB01_B (clay, silt) and MB08_B (clay,
gravel). Bore MB06_B, screened across clay and silt; was drilled as a dry hole and indicates that
Tertiary sediments are not fully saturated throughout the area.

6.2.2 Hydraulic Parameters

Results of permeability tests for three bores within Tertiary basalts and sediments show a range in
hydraulic conductivity between 1.3 x 10" m/day and 5.5 x 10 m/day (Appendix A). The highest
hydraulic conductivity was measured in fresh basalt (TAR177_C) and the lowest measured across
clay (MBO1_B).

6.2.3 Potentiometric Surface, Recharge, Flow and Discharge

Potentiometric contours, presented in Figure 10, indicate that groundwater flow within the Tertiary
is towards the east and northeast within the Project area and surrounds. This flow direction
suggests that the main source of recharge to the Tertiary is from rainfall percolation in the sub-
crop areas to the west and south-west of the Project area. The influence of Lake Maraboon on
water levels and recharge is unknown. Contour elevations vary from about 255 mAHD in the west,
to about 195 mAHD in the northeast corner of the Project area.

The potentiometric surface of the Tertiary basalt and sediments was inferred from groundwater
levels measured in nine landholder bores during the bore census surveys, and monitoring bore
TAR177_C (Appendix D). Elevations of landholder bores were estimated from 1 arc second
DEM-S (smoothed digital elevation model — 1 second SRTM derived) data which is considered to
have height errors of up to 3 m in clear flat-lying areas such as the terrain present at Taroborah.

Discharge from Tertiary sediments is likely to occur as lateral flow down-gradient of the
Project area. Leakage to underlying units may also occur where impermeable Tertiary clays are
absent in the geological profile.
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Figure 11 shows water level hydrographs for the Tertiary monitoring bores.
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Figure 11: Water Level Hydrographs — Tertiary Monitoring Bores

Bore TAR177_C, which is the only bore intersecting the fresh basalt, recorded a gradual 1 m
decline in groundwater levels since April 2013. Nearby bore MB0O1 B intersects silts and clays of
the Tertiary regolith, and recorded a gradual rise in groundwater levels since 2013. This increase
likely relates to recovery of groundwater levels within the low permeability unit following
groundwater sampling.

Bore MB08_B intersects sandy gravels and silty clays of the Tertiary regolith, and recorded stable
to slightly rising groundwater levels since 2013. The groundwater elevations are highest at
MBO08_B compared to all other bores, which is as expected due to its elevated location to the
south of Taroborah Creek.

6.3 Quaternary Alluvium
6.3.1 Nature, Distribution, Yield and Use

Bore census results show that the Quaternary alluvium is used by landholders located to the north
of the Project area, within the present day floodplains of Retreat and Kettle Creeks.

Alluvium within the Project area has limited groundwater potential, as drilling shows it is typically
thin (<30 m) and has limited lateral extent. Observations during drilling of MB06_B, located
approximately 20 m from Taroborah Creek, show that alluvial sands adjacent to the creek are dry
in that location. No users of alluvium where identified within the Project area during the bore
census. Where groundwater is present, the alluvium it is likely to be unconfined.
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An air-lift yield of 1.0 L/s was recorded for the thick sequence of sands and gravels intersected at
MBO09_T. However, no flows were observed during drilling at MB10_T, which intersects sandy silt
and a thin sequence of silty gravel. This highlights the variability in the depositional environment,
and consequently the stratigraphy, of the alluvial sequences.

6.3.2 Hydraulic Parameters

Permeability results for the two alluvial bores (MB09_T and MB10_T) were recorded at rates of
2.0m/day and 4.6 x 10°m/day, respectively (Appendix A). The significant difference in
permeability between the two alluvial bores highlights the heterogeneity of the alluvial aquifer.

6.3.3 Water Table, Recharge, Flow and Discharge

Groundwater levels measured in monitoring and landholder bores throughout the Project area
show that the water table is shallow and generally less than 10 mbGL. Water table contours for the
alluvium could not be inferred due to the scarcity of monitoring bores within it; however, the water
table in the alluvium is expected to reflect topography, with groundwater flow being towards
drainage features and watercourses. The spatial distribution and depth of alluvial deposits
suggests recharge occurs by direct rainfall percolation and seepage from adjacent creeks during
periods of surface flow.

Comparison of groundwater levels within the alluvium (MB0O9_T and MB10_T) and Permian hard-
rock sequences indicates that the alluvium is generally a losing system (down-ward leakage to
underlying sequences). Stored water within the alluvium is likely to largely discharge as baseflow
to adjacent creeks or as leakage to nearby sub-cropping Tertiary and Permian units. The
ephemeral nature of the creeks suggests that discharge from the alluvium is unlikely to be
significant or sustained, as shown in Figure 12.
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The water level hydrograph for MB10_T is shown in Figure 13, compared against the CRD for
Emerald Airport (station 35264).The data shows a slight reduction (1.5 m) in water level over the
monitoring record. This trend is similar to that recorded for Tertiary basalt bore TAR177_C, and
appears to correspond with a decline in rainfall over this period.
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Figure 13: Water Level Hydrograph — Quaternary Monitoring Bore

7 GROUNDWATER CHEMISTRY AND QUALITY
7.1 Salinity

Table 6 summaries the major ion concentrations for the groundwater units. Data represented is
derived from three sampling events in late 2009, March / April 2013 and May 2014. The data
provides a period of baseline groundwater quality and captures some seasonal or temporal
variation.
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Table 6: SUMMARY OF WATER QUALITY RESULTS — ALL GEOLOGICAL UNITS
Parameter Statistic G Aldebara:gandstonecoal I:;;ﬁ:ﬁ T:;':Irty Alluvium
. Avg. 1,435 1,765 2,301 2,059 1,354 1,431
(Fﬂesk/jcm)EC @ 2°C 546 782 1,570 1430 1315 917
Max. 2,572 3,130 3,180 2,533 1,380 1,775
T . -
Max. 1,590 1,990 2,000 1,410 910 1,010
Avg. 8 9 8 8 7 7
Field pH (pH units) Min. 7 7 7 7 7 6
Max. 9 1 8 8 7 8
Avg. 56 36 66 58 77 52
Calcium (mg/L) Min. 17 2 37 30 71 34
Max. 128 58 97 70 85 77
Avg. 55 25 81 116 107 52
Magnesium (mg/L) Min. 3 1 47 81 98 29
Max. 89 47 129 163 116 78
Avg. 167 253 273 213 72 186
Sodium (mg/L) Min. 66 101 151 122 69 123
Max. 494 482 354 257 74 262
Avg. 442 150 301 512 687 389
Bicarbonate (mg/L) Min. 21 1 245 398 629 225
Max. 1,180 276 416 620 778 641
Avg. 231 329 490 324 65 216
Chloride (mg/L) Min. 48 124 291 129 52 134
Max. 903 560 718 497 73 338
Avg. 41 131 125 81 22 64
Sulfate (mg/L) Min. 6 37 66 7 20 37
Max. 156 293 198 131 25 84
Number of Samples 17 5 6 5 3 4

Note: CG — coarse grained sandstone
FG — fine grained sandstone

The results indicate that the groundwater within the alluvium and Tertiary basalt are generally
fresher than the regolith and Aldebaran Sandstone units, with lower major ion concentrations.

Salinity is a key constraint to water management and groundwater use and can be determined
indirectly by measuring Electrical conductivity (EC) of water samples. The following EC ranges
(US/cm) are commonly used to categorise salinity:

e Fresh 0 pS/cm to 750 pS/cm;

¢ Slightly brackish 750 puS/cm to 1,500 puS/cm;

e Brackish 1,500 pS/cm to 4,550 puS/cm;

e Moderately saline 4,550 uS/cm to 10,600 puS/cm;

e Saline 10,600 pS/cm to 21,200 pS/cm; and

¢ Highly saline 21,200 puS/cm to 53,000 pS/cm.



Page 30
Project No. G1588 (Taroborah)

Figure 14 presents a histogram of the available EC data classified according to this system. The
distribution of EC values shows that groundwater quality across the Project area generally varies
from slightly brackish to brackish.
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Figure 14: EC Histogram — All Geological Units

The results for field EC shown in Figure 14 indicate that groundwater within the Quaternary
alluvium is slightly brackish to brackish, with an average EC of 1,400 uS/cm. The coarse grained
sandstone is generally less saline than the alluvium, with fresh water quality recorded at
TAR249 C in 2014, and a larger number of samples classified as slightly brackish.

The A and B coal seams have brackish water quality with an average EC of 2,300 uS/cm. EC of
the coal seams is comparatively low for the Bowen Basin, which can typically vary from
5000 uS/cm to over 50,000 uS/cm. The lower EC of the A and B seams is likely related to leakage
of ‘fresher groundwater’ from the immediately overlying pebbly coarse sandstone unit and from
rainfall infiltration where it occurs at sub-crop to the south.

A significant portion of the EC dataset exceeds the 80™ percentile limit that is specified for deep
(> 30 m) groundwater quality objectives in the Nogoa River / Theresa Creek sub-basin (see
Section 9.1). Major ion exceedances include Na, Ca, Mg, HCO3;, Cl and SO,4. A number of minor
ions and metals also exceed the water quality objectives defined in Section 9.1. This assessment
indicates that future assessment of the groundwater quality should be undertaken based on
baseline (pre-mining) data and not the specified water quality objectives.
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7.2 Water Types

The relative proportions of anions and cations were calculated for each sample to determine if any
unique water signatures are evident in the groundwater data. Figure 15 presents this data
graphically as a Piper diagram.
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Figure 15: Piper Diagram — All Geological Units

The graphic shows variability in the water types, but some loose grouping of water samples from
some coarse grained Aldebaran sandstone. The results for the alluvium show a broad range in
anion/cation proportions, which indicates a degree of heterogeneity in the alluvial sequences. The
coal seams and Aldebaran Sandstone samples collected from the northern end of the Project area
generally record high proportions of sodium, magnesium and chloride. The Aldebaran Sandstone
dips towards the north, resulting in the Permian stratigraphy occurring at greater depth. The water
quality results and geological setting indicates that the Permian groundwater in the northern end of
the Project area has a higher residence time and salinity.

The shallower Aldebaran Sandstone bores (TAR04_S, TAR016_CR and TARO053) record lower
proportions of chloride, and higher proportions of bicarbonate. This likely relates to increased
recharge rates and potential interaction with faults.

Water quality results for fresh basalt bore TAR177_C indicates high proportions of bicarbonate,
calcium and magnesium, but low proportions of chloride. This indicates the potential presence of
fracturing within the basalt, which may enhance recharge by rainfall percolation.

7.3 Agricultural Usage

Table A-4 of Appendix A compares the groundwater quality data to the Australian and New
Zealand Guidelines for Fresh and Marine Water Quality (ANZECC and ARMCANZ, 2000),
commonly referred to as the ANZECC (2000) guidelines. Comparison of results to the ANZECC
(2000) stock water guidelines indicates that all bores are suitable for stock water supply.
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Comparison of the data against the guidelines for irrigation provided by ANZECC (2000) indicates
that groundwater collected from most of the bores is suitable for short term irrigation. However, the
guideline levels for chloride, boron and phosphorous were not assessed, as the guidelines
stipulate that these analytes are dependent on individual factors, such as soil properties, crop
tolerance, climatic conditions and water table depth.

7.4 Human Consumption/Drinking Water

To assess the suitability of groundwater for human consumption, the groundwater quality results
were compared to the Australian Drinking Water Guidelines 2011 (NRMMC, 2011), commonly
referred to as the ADWG (Table A-4 of Appendix A).

Results show that in general all of the groundwater tested is not suitable for human consumption
because it exceeds either ADWG aesthetic or health guidelines. All bores exceed the ADWG
aesthetic guidelines for at least two criteria, including TDS, pH, total hardness, chloride, sodium,
sulfate, aluminium, iron, and manganese. Aesthetic guidelines exclude the water from being
suitable for human consumption based on smell, taste, and appearance. Two bores (TAR053 and
TAR177_C) exceed the ADWG aesthetic guideline for ferrous iron. The elevated iron
concentrations likely relate to the installation of the monitoring bores within existing exploration
holes, which may have steel surface casing present.

One unregistered bore identified within the Project boundary during the bore census (see Table 4),
known locally as the “community bore”, was reported by landowners to be used as an untreated
source of drinking water for three properties. A TDS reading of 650 mg/L was measured for this
bore during the bore census and indicates that this bore is marginally suitable for human
consumption.

8 HYDROGEOLOGICAL REGIME — CONCEPTUALISATION

The conceptual understanding of the hydrogeological regime within the Project area is shown in
Figure 16 and Figure 17 and summarised below.

The unconsolidated Quaternary and Tertiary alluvium form localised aquifer systems along the
watercourses of Retreat Creek, Centre Creek, Kettle Creek and Nogoa River. The bore census
indicated private bores extract water from the alluvial groundwater systems associated with
Retreat Creek up-gradient of the Project area, within the Anakie and Sapphire Gemfields region,
but the usage within the Project area is limited. The creeks form losing systems, recharging the
underlying alluvium when flowing. The alluvium is lithologically heterogeneous with slightly
brackish water quality.

Within the Project area, the Tertiary basalts are commonly weathered, with only localised,
dissected areas of fresh basalt. The thickness of the basalt varies and in some areas thins out and
becomes unsaturated. This means the basalt does not form a productive aquifer and there is a
lack of landholder bores targeting the basalt within the Project area. Government drilling indicates
that the basalt to the south and south-west of the Project area is generally thicker and fresh, which
corresponds with the presence of several landholder bores targeting the basalt for water supply
purposes. The basalt is recharged by diffuse rainfall, as well as surface water features (i.e. Lake
Maraboon). Due to the nature of deposition and weathering, hydrogeological connection across
the mapped extent of the Tertiary basalt is considered unlikely.

The Permian aged stratigraphy occurs within a region that has undergone extensive periods of
deformation which has resulted in groundwater flow boundaries within the Permian stratigraphy to
the:
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o West: where the extent of the Permian sequences is truncated by the presence of the
Devonian aged Anakie metamorphics. A series of NW-SE trending faults have also been
identified by IMC during exploration drilling, which show absence of the target mining
seams but presence of the underlying, thinner coal seams and indicates significant upward
stratigraphic displacement.

e East: exploration drilling and lithological logging for monitoring bore MB0O3_S indicates that
the coal seams do not occur east of the Project area. This corresponds with the presence
of a potential anticline (Veevers et al.,, 1962) and a series of NW-SE trending faults
identified by IMC during exploration drilling.

e South: geological maps and exploration drilling shows that the Permian sequences sub-
crop approximately 2 km south of the Capricorn Highway. The stratigraphy dips in a
northerly direction, with minor parasitic folding identified during exploration drilling. Water
guality results indicate that the Permian sequences are fresher further to the south (up-dip),
indicating likely rainfall recharge of the groundwater system where it occurs at sub-crop.

¢ North: the presence of the older Reids Dome Beds stratigraphy to the north of Kettle Creek
(within the Valeria exploration area) indicates extensive stratigraphic displacement, likely
caused by an east-west trending fault.

The upper 250 m of Permian aged stratigraphy within the Project area comprises the Aldebaran
Sandstone. The Aldebaran Sandstone contains relatively continuous stratigraphic layers of fine to
coarse grained sandstones and coal seams, which dip in a northerly direction. The main water
bearing unit within the Permian sequences is the pebbly to coarse grained sandstone, which
directly overlies the A seam and records flow rates of between 0.5 L/s to 20 L/s. Water quality
within the pebbly to coarse grained sandstone is only slightly brackish, and landholder bores
accessing the groundwater unit use the water for stock watering purposes and farm water supply.
One bore within the Permian is used for untreated drinking water.

The two main coal seams within the Project area, A seam and B seam, are approximately 1.2 m
and 3.0 m thick, respectively. The coal seams are relatively permeable, and contain slightly
brackish to brackish water quality. The coal seams show heterogeneous connection to the
overlying pebbly to coarse grained sandstone sequence, and are also likely recharged where the
seams occur at sub-crop south of the Capricorn Highway.

Within the project area, the Proponent has defined a graben (fault bound) structure in which the
coal measures are to be mined. These faults have been defined through project specific seismic
data, detailed exploration drilling and State government drilling and mapping. However, aside from
the physical location of these structures and the vertical offset, there is no hydrogeological
information available on these faults to assess whether they are barriers or conduits to
groundwater flow.

Therefore a conservative approach has been developed to represent these faults (graben
structure) in the impact assessment model. Rather than defining linear fault features in the model,
drape features are inferred, with hydraulic continuity on either side of the mapped fault. As detailed
above, drilling has identified that the coal seams do not extend immediately east of the project
area. This is possibly due to the presence of an anticline structure, where the coal seams have
been eroded away and the basal units of the Aldebaran Sandstone are exposed.
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9 LEGISLATION, POLICY AND GUIDELINES

The following sections summarise the Queensland Government legislation and policy for
groundwater that applies to the Project.

9.1 Environmental Protection (Water) Policy 2009

The Environmental Protection (Water) Policy 2009 (EPP Water) provides a framework to protect
and / or enhance the environmental values and hence suitability of Queensland waters for various
beneficial uses. Groundwater resources within the Project area lie within the Lower Nogoa River /
Theresa Creek Sub-basin as listed in Schedule 1 of the EPP Water.

This policy guides the setting of indicators that will protect the environmental values of any
resource. The EPP states that the environmental values for groundwaters within the Lower Nogoa
River / Theresa Creek Sub-basin that need to be considered are aquatic ecosystems, drinking
water, recreational use, cultural and spiritual values, industrial use, aquaculture, irrigation, stock
water and farm supply.

The EPP provides water quality objectives (WQOs) to support and protect the various
environmental values identified for waters within the Lower Nogoa River / Theresa Creek
catchments. The WQOs are long-term goals for water quality management. They are defined by
DERM (2011) as “numerical concentration levels or narrative statements of indicators established
for receiving waters to support and protect the designated environmental values for those waters.
They are based on scientific criteria or water quality guidelines but may be modified by other
inputs”.

The WQOs for Fitzroy Basin groundwaters are provided according to their chemistry zone and
depth category (Table 14 of DERM, 2011). In this instance, the Lower Nogoa River /
Theresa Creek catchments are classified as chemistry zone 13, a low to moderate salinity
(balanced cations HCOs, CI) type water. The WQOs for zone 13 are summarised in Table 7.

The groundwater chemistry data relevant to the Project is summarised in Table 7, with individual
water quality results included in Appendix A. Comparison of this data with the WQOs indicates that
all groundwater units exceed at least one of the 80™ percentile criteria for deep and shallow
groundwater listed in Table 7. This indicates that if the project proceeded, future assessment of
groundwater should be undertaken based on baseline (pre-mining) data and not the specified
WQOs.

9.2 Water Act 2000 and Water Regulation 2002

The purpose of the Water Act 2000 (Water Act) is to advance sustainable management and
efficient use of water and other resources by establishing a system for planning, allocation and use
of water. The act also provides a framework under which catchment based Water Resource Plans
(WRP) are developed in Queensland. The WRP provides a framework for sustainable
management of water resources in the plan area.

Groundwater areas have been established to protect underground water resources. Groundwater
areas are referred to using various terms under subordinate legislation, including sub-artesian
areas declared under the Water Regulation 2002 (Water Regulation), groundwater management
areas (GMAs), management areas, management units or sub-artesian management areas. A
groundwater area is an area identified in the Water Regulation, a WRP or a wild river declaration
within which management requirements for groundwater exist. An authorisation is required to
access groundwater and/or construct works to take groundwater for certain purposes (as defined
under the Water Regulation, a WRP or a local water management policy).
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Table 7: WQO FOR GROUNDWATERS IN THE NOGOA RIVER/THERESA CREEK SUB BASIN

(ZONE 13)
Depth (30 m) Shallow < 30 m Average Site Water Quality * Deep > 30 m Averagc:;::;*Water
Percentile 20th | 50th | 80th | Alluvium | Tertiary T;:;:[ty 20th | 50th | 80th | CGSS | FGSS | Coal
EC (uS/cm) 630 1,150 | 2,509 1,431 2,059 1,354 720 | 1,256 | 1,955 | 1,435 1,765 | 2,301
Hardness as
CaC0s (mglL) 145 350 650 342 677 636 136 | 326 540 348 215 496
pH 7.5 8 8.3 7.3 7.6 71 7.5 7.9 8.2 7.7 9.0 7.9
Alkalinity (mg/L) 249 409 626 395 549 716 262 | 355 560 492 254 313
Ca (mg/L) 21 40 73 52 58 77 21 40 72 56 36 66
Mg (mg/L) 21 54 | 119 52 116 107 | 15 | 51 | 88 55 25 81
Na (mg/L) 56 135 326 186 213 72 75 139 279 167 253 273
Cl (mg/L) 30 110 400 216 324 65 54 141 327 231 329 490
S04 (mg/L) 5 24 125 64 81 22 8 25 67 41 131 125
HCOs (mg/L) 295 490 754 389 512 687 315 | 429 673 442 150 301
NO3 (mg/L) 0.5 3 16.39 0.03 0.05 0.03 0.000 1 4.93 0.01 0.05 0.02
S0z (mg/L) 28 46 | 60 - - - 18 | 37 | 56 - - -
F (mg/L) 0.2 0.31 | 0.594 0.30 1.63 0.15 0.157 | 0.2 0.37 0.55 0.38 0.50
Fe (mg/L) 0.000 0.01 0.04 0.12 0.05 0.25 0.000 | 0.02 | 0.09 017 0.05 0.06
Mn (mg/L) 0.000 0.01 0.02 0.07 0.07 0.07 0.000 | 0.01 0.04 0.03 0.02 0.09
Zn (mg/L) 0.000 | 0.015 | 0.05 0.02 <LOR <LOR 0.01 [0.035| 0.135 | <LOR | <LOR | <LOR
Cu (mg/L) 0.000 0.01 0.03 <LOR 0.002 <LOR ] 0.000 | 0.01 | 0.035 | <LOR | <LOR | <LOR
SAR 1.6 3.15 7.01 45 34 1.2 2 3.5 8.96 4.0 6.0 55
RAH (meg/L) 0.3 1.79 4.08 - - - 051 | 223 | 3.98 - - -
EH (mV) D D ID - ID D D -

Note: * Averages based on water quality data from late 2009, March / April 2013 and May 2014. EC and pH
are based on field parameters, metals represent dissolved metal concentrations, and results below the limit
of reporting (LOR) were set at the LOR.

9.3 Declared Sub-Artesian Groundwater Area

As detailed in Schedule 11 of the Water Regulation, the Project is located in the Highlands Sub-
artesian Area where:

« A water entitlement, water permit or seasonal water assignment notice is required to take
or interfere with sub-artesian water, other than for a purpose mentioned in Schedule 11
(column 2) of the Water Regulation; and

e Under the Sustainable Planning Act 2009 taking sub-artesian water other than solely for a
purpose mentioned in Schedule 11 (column 3) of the Water Regulation is an assessable
development.

Schedule 11 states that a water entitlement or works defined as assessable development are not
required in the Highlands Sub-artesian Area for domestic purposes or for stock watering.

A water licence is required to take water, or interfere with sub-artesian water in declared sub-
artesian areas or in areas defined in a WRP. The requirement for a water licence is based on a
number of factors and is determined by DNRM on a case by case basis. DNRM considers factors
such as the extent of proposed dewatering; impacts on existing users; and whether the impacted
aquifer is capable of being used as a water supply.
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9.4 Fitzroy Water Resource Plan

The Project site is located within the Water Resource (Fitzroy Basin) Plan 2011 area. Water to
which this plan applies includes water in watercourses and lakes, water in springs, overland flow
water and groundwater. Under the WRP, the Project is located in the Highlands Groundwater
Management Area (GMA) of the Fitzroy Basin catchment GMA. The plan further divides the
Highlands GMA into the following groundwater units:

e Highlands Groundwater Unit 1, containing Quaternary alluvium aquifers of Sandy Creek;
and

¢ Highlands Groundwater Unit 2, containing all sub-artesian aquifers within the Highlands
GMA other than the aquifers included in Highlands Groundwater Unit 1.

The Project occurs within Highlands Groundwater Unit 2.

10 MINE PLAN

The Taroborah Coal Project is currently managed under MDL 467, which covers an area of
approximately 7,966 hectares (ha). Mining is proposed to take 21 years, with open-cut mining
within the initial seven years and underground mining commencing from Year 5 (Figure 18). The
proposed mine includes:

e Open-cut mining, via hydraulic excavator and dump truck, in the southern part of the
proposed mining area;

e Underground mining, either through longwall mining or bord and pillar extraction
techniques, in the northern part of the proposed mining area;

e Processing of mined coal at a coal handling and preparation plant (CHPP), processing
includes coal sizing, handling and washing; and

e Transport of the coal to the port of Gladstone via the Central West and Blackwater rail
systems.

Figure 18 shows the mine plan, with the open-cut mine located on the southern side of the
Capricorn Highway and the underground mine on the northern side. The open-cut pit will be
largely backfilled with spoil, except in the north-west and north-east corners, which will be left as
open voids. The underground mine will progress towards the north through the north-west void,
with the longwall panels orientated in an east-west direction.
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Figure 18: Mine Plan

11 GROUNDWATER IMPACT ASSESSMENT

111

Overview of Groundwater Modelling

The objective of the groundwater modelling was to produce a tool that suitably represented the
current understanding of the groundwater environment and can predict changes in groundwater
conditions due to future activities within the model domain, including but not limited to the
development of the Project.

The design, construction and calibration of the model were all tailored to meet these objectives as
well as providing a framework for future iterations of the model following the addition of new data.
The objectives of the modelling, based on Australian modelling guidelines, were to:

replicate measured groundwater levels at each observation bore (steady state), with an
overall scaled root square mean error of less than 10% for all observation points;

produce water budgets with a numerical error of less than 1% at each time step and on a
cumulative basis;

estimate groundwater seepages to the open-cut and underground mining areas over the
Project life;

predict the zone of depressurisation in alluvium and other aquifers from mining activities
and the level and rate of drawdown at specific locations;

predict any changes to surface flows and other groundwater users due to Project
operations; and

identify areas of potential risk where groundwater impact mitigation/control measures may
be necessary.
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A three-dimensional numerical groundwater flow model was developed for the Project using
MODFLOW-SURFACT. The model consisted of a 10-layer representation with a model extent of
41 km x 40 km. The model was built around the conceptual groundwater model (Figure 16 and
Figure 17). The model was calibrated to a steady state pre-mining condition, using water level
observation data from the Project site, and from neighbouring bores, to achieve a suitable fit in
accordance with modelling guidelines. Consideration was given to carrying out a transient
calibration, however, the existing water level data (Sections 6.1.3, 6.2.3 and 6.3.3) shows little
seasonal variation, and a transient calibration of the groundwater model was not considered
beneficial. There are no reliable recharge or discharge processes evident in the water level
hydrographs with which to calibrate the model against.

Once calibrated, the model was used to predict the groundwater level behaviour of the systems, in
response to simulated mining. The model simulated mining over a 21-year period, consistent with
the mine plan. The model also simulated groundwater level recovery post mining over a
1,000 year period.

The model allows groundwater levels, inflows and fluxes to be predicted within the model extent,
and this model output is presented in the following sections on impact assessment. Detail in the
regional model domain was applied to those areas considered to have the greatest influence in the
impact assessment (the mine area). The model mesh was generated in accordance with the
Australian guidelines. No faults have been represented in the model domain to ensure a
conservative approach that maximises the predicted impacts.

Predictive sensitivity was addressed as part of the modelling assessment. Sensitivity analysis is
often used to determine the sensitivity of the model calibration to variations in model parameters.
In this instance, the sensitivity analysis showed the parameters of hydraulic conductivity and
specific storage were most sensitive to calibration. Appendix B details the setup and calibration of
the groundwater model. It is assessed that the model objectives have been addressed and it is
considered fit for purpose.

11.2 Inflow to Mined Void

Full details of the predictive model results are included in Appendix B, Section 3.6. To summarise
the findings, it is predicted that a maximum of 5.7 ML/day of groundwater will be intercepted by the
proposed Taroborah open-cut and underground mine, with the peak inflows occurring around
Year 19 of the Project.

Figure 19 shows the rate of predicted mine water inflows over time for the open-cut pit and
underground mine. The results indicate inflows to the open-cut mine peak at 3.3 ML/day around
Year 5, while the underground inflows peak at 4.8 ML/day in Year 19. On average, the inflows the
mine operations are predicted at approximately 2.6 ML/day. The predictive modelling has allowed
for the simulation of porosity and permeability changes to the Permian strata as a result of mining
induced subsidence. Section 3.5 in Appendix B details the methodology and modelled parameters.

It is important to note that the predicted mine inflows do not represent the volume of water that will
require pumping, rather the maximum loss from the groundwater systems. The estimates include
‘unseen water’, including moisture in coal and evaporation and extraction from the mine
ventilation. Although it is difficult to quantify these components, the ‘unseen water’ is likely to
account for 10% of the model predicted inflows. Therefore, accounting for the ‘unseen water, it is
predicted that total groundwater inflows will be around 2.3 ML/day on average, with up to 3 ML/day
entering the open-cut pit, and up to 4.3 ML/day entering the underground mine.
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Figure 19: Predicted Mine Inflows

11.3 Mining Phase Water Budget Summary

Figure 20 shows the change in water budgets components as a result of the proposed mine. It is
important to note that these are not total fluxes to or from the model but represent a change from
the pre-mine steady state condition. These changes include:

o Mine dewatering (open-cut and underground) extracts an average of 2.6 ML/day of
groundwater;

e Evaporation removes approximately 0.4 ML/day of groundwater. This occurs after mining
of the open-cut and the development of a final void and pit lake;

o Recharge contributes an additional 0.3 ML/day to the groundwater system as a result of
the proposed mine, on top of the 6.5 ML/day predicted for the baseline water budget. This
additional recharge occurs after mining of the open cut and occurs as additional recharge
to the void and spoil;

¢ A 0.9 ML/day increase in water entering the model through the SURFACT river package as
leakage through the river bed. This occurs where there is a greater hydraulic gradient
beneath the streams; and

e A 0.9 ML/day increase in water leaving the model through the SURFACT river package as
baseflow or drains. This occurs in the lower lying areas where there is a greater hydraulic
gradient beneath the streams. The changes in the SURFACT river package effectively
cancel each other out so that the net change in flow that mining has on the cells
representing streams or rivers is close to 0 ML/day.
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Figure 20: Predicted Water Budget

The numerical model was calibrated to water levels considered representative of steady state
conditions, with the assumption of constant surface recharge to the groundwater system. Constant
recharge was applied in the predictive model and as a result, the model does not simulate
seasonal variations in recharge. Recent groundwater level data has shown that the groundwater
systems (in particular the Permian coal measures) are largely unaffected by seasonal rainfall, with
immeasurable hydraulic response following rainfall events. Therefore, the model did not simulate
seasonal recharge in the predictive model scenarios, but an annual average.

As groundwater inflow occurs from the Permian coal measures, any short-term fluctuations
(increases or decreases) in recharge to the outcrop or subcrop of the Permian coal measures will
not be observed in the groundwater discharge to the mine. The modelled recharge rate is low and
groundwater travel times are long enough for the strata to buffer any additional water that may be
accepted into the groundwater system as recharge.

The predicted groundwater inflow from the Permian coal measures will be unaffected by any
seasonal changes in rainfall or recharge. Seasonal changes in rainfall will affect runoff into the
open cut. However, this water balance component is not represented in the groundwater model
and it is understood that this is included in the surface water modelling.

11.4 Depressurisation and Drawdown

Drawdown contours and results for the Quaternary and Tertiary alluvium, Tertiary basalt (Layer 1)
and Seam B (Layer 9) are detailed within Appendix B, Section 3.7. The results presented are
based on the modelled geological extent of each unit, and indicate:

e drawdown within the alluvium could extend up to 3.5 km east (downstream) of MDL 467;
e drawdown within the Tertiary basalt could extend up to 3 km south of MDL 467; and
e drawdown within Seam B (Layer 9) is largely contained within MDL 467.
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It is important to note that the model only allows for porous media flow, and does not mimic natural
heterogeneity within the alluvium and basalt, which was observed from field observations
(see Section 6.2 and Appendix A). Therefore, it is anticipated that the extent of drawdown, in real
terms, will be lower than predicted.

11.5 Impact on Groundwater Users

Model results presented in Section 3.8 of Appendix B indicate that eight active (existing) private
landholder bores could report groundwater level declines of greater than 2 m as a result of the
proposed mine. This includes:

e one bore used for stock water supply, with a predicted decline of less than five metres;

e two bores used for stock water supply, with a predicted decline of between five to ten
metres;

e four bores used for stock and farm water
metres; and

supply, with a predicted decline of over ten

e one bore used for stock, farm and drinking water supply with a predicted drawdown of over
ten metres.

Table 8 summarises these eight bores and provides an assessment of the reduction in available
drawdown in the bore.

Table 8: PREDICTED DRAWDOWN IN PRIVATE BORES

Bore SWL Predicted Head Redlil:tlon
Bore ID Stratigraphy Use Depth Drawdown | available :
(mbgl) (mbgl) (m) (m) available
drawdown*
RN57603 Aldebaran Sandstone Stock 80.0 5.5* 25 775 3%
RN67349 Tertiary Basalt Stock 32.0 7.83 7.2 24.8 29%
Twin Bore Tertiary Basalt / Aldebaran Stock -.Not 46 19 85 375 23%
Sandstone currently in use
Census Bore 2 Aldebaran Sandstone Used for stock 137 10.6* 20.3 116.7 17%
RN84184 Aldebaran Sandstone Stock 76.5 30.7* 17.3 59.2 29%
RN90064 Aldebaran Sandstone / Stock & farm 920 42 0* 29.7 623 48%
Coal water
RN103729 Aldebaran Sandstone Stock 121.5 33.7* 10.1 111.4 9%
Census Bore 3 Aldebaran Sandstone St.OCi.(’ farmé 123 47.8* 23.6 99.4 24%
drinking water

Note:

*SWL estimated from groundwater model

Table 8 shows that, as a result of the Project, one bore is predicted to have a nearly 50%
reduction in available drawdown, two bores are between 25% and 50%, and five bores are
reduced by <25%.
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Those bores with a reduction of greater than 50% are likely to be significantly impacted and are
likely to require an alternative source of water to replace this supply. This may be a replacement
bore or supplementation of the supply. Bores with a reduction of between 25% and 50% are likely
to be impacted and may require to be deepened, replaced or supplemented with an alternative
supply. Those bores with a reduction of available drawdown of less than 25% may be impacted by
the project. These bores may require deepening or supplementation with an alternative supply.

Any significant loss of groundwater supply in affected bores will be replaced by the Proponent.
Mitigation measures may entail deepening of the bore, deepening of the pump, constructing a
replacement bore or supplementation of supply with alternative water. Details of the mitigation
measures will be developed in agreement with the landholder at the appropriate time.

11.6 Groundwater Dependent Ecosystems

As detailed under Section 3.9 of Appendix B, the maximum predicted drawdowns within the
unconsolidated stratigraphy correspond to some areas of mapped ecosystems with low to
moderate potential for groundwater dependence (GDE Atlas). For information on the impact of
groundwater drawdown on GDEs the reader is referred to the EIS Ecology Report.

11.7 Groundwater Recovery

The model simulated recovery of the groundwater system for 1,000 years post mining (Year 1021).
The simulation utilised the predicted groundwater levels and hydraulic properties at the end of the
mining period. The drain cells used to simulate dewatering from the coal seam were removed,
allowing the groundwater levels in geological units above and beneath the coal seams to recover
(gradually return to pre mine dewatering conditions).

The results indicate that groundwater levels within the underground mine recover relatively quickly
following cessation of mining; however, groundwater levels in both pit voids will begin to stabilise
approximately 500 years following active mining, with:

e groundwater levels within the western pit void maintained at around 194 mAHD;
e groundwater levels within the eastern pit void maintained at around 190 mAHD; and
e both pit lake levels fall well below the pit crest, and are highly unlikely to over-top.

Groundwater level recovery in the pit voids is likely to be slow primarily due to evaporation rates
exceeding rainfall. The rate of groundwater recovery will be governed by groundwater inflow
overcoming evaporation in the pit void. The private landholder bores are generally all predicted to
recover within 5 m of pre-mining water levels with the majority predicted to recover within 3 m. This
recovery typically occurs within 200 to 300 years post mining, with the rate of recovery dependent
upon proximity to the pit voids.

11.8 Sensitivity Analysis

Sensitivity analysis was conducted to test what input parameters had the greatest impact on the
final model predictions. Parameters assessed for sensitivity included hydraulic conductivity
(horizontal and vertical), recharge rates, specific storage and specific yield. The results from the
sensitivity analysis indicate:

e model predictions for mine inflow rates are most sensitive to changes in storage, hydraulic
conductivity and the representation of the subsurface fracturing above the longwall mine;
and

e model drawdown extent is most sensitive to changes in storage.
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Results from the sensitivity analysis are detailed further within Appendix B. It is important to note
that the sensitivity results are presented in order to show the degree of variability inherent within
numerical modelling and the model design. As the hydraulic parameters are largely based on field
data, the sensitivity results relating to significant changes in hydraulic parameters are not
considered realistic for the Project.

11.9 Groundwater Contamination

There is potential for shallow groundwater contamination to occur as a result of hydrocarbon and
metals contamination from workshops, waste disposal, and mining and non-mining fuel storage.
However, adequate bunding and immediate clean-up of spills which is standard practice and a
legislated requirement at mine sites, should prevent the contamination of shallow groundwater
systems.

12 MANAGEMENT AND MONITORING

As potential groundwater impacts have been identified, a groundwater monitoring program will
need to be implemented to provide an on-going assessment of the impacts from the mine, and a
proactive indicator of any unexpected impacts on the groundwater regime. Long-term groundwater
level data sourced from the on-going monitoring can also be utilised to undertake transient
calibration of the numerical model, which would better refine the precision and accuracy of the
model predictions.

The groundwater monitoring program, established as part of the groundwater investigations, will
continue throughout the life of the Project. Any monitoring bores that are impacted during the life of
the Project will be replaced as and when required. The existing groundwater monitoring network
details are summarised in Table 9.

The network of 19 monitoring bores summarised below is not the final proposed monitoring
network for the mine, but a list of all sites where monitoring bores have been installed. These
bores are considered relevant for long term monitoring. It is acknowledged by the Proponent that a
monitoring network will need to be approved by DNRM and incorporated into the conditions of any
future water licence (if required) or environmental authority. The monitoring plan will be designed
in accordance with ANZECC and DEHP guidelines to consider the risk to the environment and the
environmental value of the groundwater resources.

Table 9: GROUNDWATER MONITORING BORES - CONSTRUCTION DETAILS

Coordinates . . . Screen
Hole ID mE mN Geological Unit Lithology (mbGL)
MB01_B 592504 | 7399983 Tertiary Clay, silt 27.9-33.9
MB02_C 593997 | 7397592 | Aldebaran Sandstone Coal - B seam 92.2-95.2
MBO2 S | 594017 | 7397580 | Aldebaran Sandstone | T cCOlY coarse grained sandstone | oo 5o gg o5
(directly overlying A seam)
MBO3.S | 599667 | 7399771 | Aldebaran Sandstone | %S orzon wilin fine grained 76 - 82
MB04_C 593513 | 7399534 | Aldebaran Sandstone Coal - B seam 118.5-120.5
MBO4 S | 503493 | 7309537 | Aldebaran Sandstone | T CcbDY coarse grained sandstone 100 - 106
(directly overlying A seam)
MB05_C 598860 | 7398819 | Aldebaran Sandstone Coal - A seam 141 - 144
MB06_B 592471 | 7394530 Tertiary Clay, Silt 19.4-25.4
MBO07_B 592065 | 7393041 Aldebaran Sandstone Fine grained sandstone 27.5-30.6
MB08_B 594668 | 7390096 Tertiary Clay, gravel 40 - 46
MB09_T 593575 | 7401714 Quaternary alluvium Sand 24 - 30
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Table 9: GROUNDWATER MONITORING BORES - CONSTRUCTION DETAILS

Coordinates . . . Screen
Hole ID mE N Geological Unit Lithology (mbGL)
MB10_T 600020 | 7402656 Quaternary alluvium Silt, gravel 12.7 -18.7
TARO16_CR | 504956 | 7395372 | Aldebaran Sandstone | | cPpW coarse grained sandstone 58 - 64
(directly overlying A seam)
TARO40_C | 600263 | 7396108 | Aldebaran Sandstone | T coo coarse grained sandstone 55 - 58
(directly overlying A seam)
TAR053 | 595642 | 7395113 | Aldebaran Sandstone | oDl coarse grained sandstone 52- 58
(directly overlying A seam)
TAR176_C 595549 | 7400349 | Aldebaran Sandstone Fine grained sandstone 97 - 103
TAR177_C 594586 | 7400197 Tertiary Fresh basalt 18-21
TAR189_C | 598843 | 7398818 | Aldebaran Sandstone | ' coD coarse graned sandstone | 07 5945 5
(directly overlying A seam)
TAR249_C | 596635 | 7397000 | Aldebaran Sandstone | | coD coarse graned sandstone | g 5 g7
(directly overlying A seam)

Note: Coordinates are in MGA 94 Zone 55
mbGL — metres below ground level

A final void management plan will be developed prior to the completion of open cut mining and will
incorporate groundwater and surface water quality monitoring. The post closure groundwater
monitoring network is unlikely to maintain bores within the spoil or emplacement areas as there is
no perceived level of environmental risk within the spoil or pit void. The pit void is assessed to be a
sink post mining and the network is more likely to be installed to monitor groundwater within
groundwater systems around the void, from which local groundwater supplies are extracted, with
the objective of monitoring and maintaining the environmental value of the resource.

12.1 Water Level Monitoring Plan

The recording of groundwater levels from the above groundwater monitoring network within the
Project area will be facilitated by using electronic loggers installed in all bores, as well as manual
recordings. Monitoring of these bores will continue from pre- to post-mining in order to:

e enable natural water level fluctuations (such as responses to rainfall, river/creek flows or
landholder usage) to be distinguished from potential water level impacts due to
depressurisation resulting from mining; and

e assist with determination of groundwater trigger levels.

The groundwater monitoring bores have been equipped with electronic loggers to record water
levels at six-hourly intervals to assist with the collection of background levels. In addition to the
installation of loggers, groundwater levels will be manually measured at quarterly intervals. Data
collected from the dataloggers will be downloaded manually at quarterly intervals.

Following completion of the initial 24-month baseline sampling, the frequency of this monitoring will
be reviewed.

12.2 Water Quality Monitoring Plan

Comparison of water quality data with the WQOs indicates that all bores exceed at least one of the
80" percentile criteria for deep and shallow groundwaters. Future assessment of groundwater
should be undertaken based on baseline (pre-mining) data and not the specified WQOs.
Groundwater quality sampling of existing monitoring bores will continue so that the following
groundwater parameters can be acquired and monitored:
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e establish baseline groundwater quality;
e assist with the determination of trigger levels; and
e assess the potential groundwater quality impacts during and post-mining.

On-going sampling will be undertaken approximately every three months for a period of two years.
Collected samples will be analysed for the following:

e pH, EC and TDS;

e Major anions (COj3, HCO3, Cl, SOy,);

e Major cations (Ca, Mg, Na, K);

¢ Dissolved Metals (Al, Ar, Be, Cd, Cr, Cu, Pb, Ni, Se, Mo, Ag, Zn, B, Fe, Hg); and
¢ Nutrients (ammonia, nitrite, nitrate, total nitrogen, total phosphorus).

Field determinations for pH, EC and temperature will be measured and recorded for each
sampling event. The collection, storage and transport of water quality samples for laboratory
analysis will be undertaken in accordance with procedures outlined by the EHP Monitoring and
Sampling Manual (2009) and other relevant guidelines.

Any trigger levels that are derived for the project must be carried out in accordance with the DEHP
and ANZECC guidelines. Data will be reported at appropriate intervals in accordance with
operating requirements and Environmental Authority conditions.

12.3 Mine Water Inflow Monitoring

Monitoring of mine dewatering will be undertaken in order to enable groundwater inflow rates and
water gquality to be estimated.

12.4 Data Management and Reporting

It is recommended that data management and reporting include:

e Annual assessment of departures from identified monitoring data trends. If consecutive
monitoring data, over a period of six months, exhibit an increasing divergence from the
previous data or from the established or predicted trends, then these departures should be
investigated to assess appropriate actions to determine the likely cause. These may
include a need to conduct more intensive monitoring, or to invoke impact re-assessment
and/or mitigation measures;

o Formal review of depressurisation of coal measures and alluvium should be undertaken
annually by a suitably qualified hydrogeologist;

e Annual reporting (including all water level and water quality data); and

e All groundwater data should be stored in a database, with suitable QA/QC controls.
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13 CONCLUSIONS

The Taroborah Coal Project is a proposed open-cut and underground mine located approximately
22 km west of Emerald on MDL 467. The Project area is currently used for cattle grazing, with
groundwater used for stock water supply and farm water use.

Geologically the Project area comprises alluvial sediments, localised along Retreat Creek and
Kettle Creek to the north, which are generally less than 25 m thick. Relatively thin sequences of
weathered Tertiary basalts sporadically occur across the Project area, with thick sequences of
fresh basalt mapped to the south-west of the Project area. Tertiary sediments / regolith also occur
across the Project area, which are underlain by the Permian aged Aldebaran Sandstone. The
Permian sequences dip steeply to the north, with structural and hydrogeological divides
surrounding the Project area, including:

o displacement of Permian stratigraphy to the east due to fault structures and / or a north-
north-west continuation of the Springsure Anticline;

e sub-crop of the Aldebaran Sandstone to the south of the Project area;

o displacement of the Permian stratigraphy to the west of the Project area due to faults and
the presence of Carboniferous and Devonian igneous complexes; and

o likely fault structures localised along Kettle Creek, with an approximate 250 m
displacement causing the Reids Dome Beds, which stratigraphically underlie the Aldebaran
Sandstone, to occur at sub-crop.

The two main economic coal seams within the Aldebaran Sandstone are the A seam and B seam,
which have an average thickness of 1.2 m and 3.0 m respectively. Low permeability interburden
separates the two coal seams, and Seam A is overlain by a laterally, extensive coarse grained
sandstone. Review of water quality and groundwater levels indicates a degree of connectivity
between the coarse grained sandstone and the underlying coal seams. The Aldebaran Sandstone
is likely recharged by rainfall where it occurs at sub-crop at the southern end of the Project area,
as well as from river leakage and leakage from the inferred faults that occur west and east of the
Project area.

Overall the groundwater is generally not suitable for human consumption; however, groundwater
within the alluvium, fresh Tertiary basalts and Aldebaran Sandstone is considered suitable for
stock water supply and limited irrigation (ANZECC, 2000).

A three-dimensional numerical simulation of groundwater flow for the Project was undertaken
using the MODFLOW-SURFACT code, in order to estimate groundwater seepage into the open-
cut pit and underground mine. The model was also used to predict the zone of depressurisation in
alluvial and other aquifers, and predict changes in the groundwater regime. The model was
calibrated in steady state, with a resulting scaled root mean square (RMS) value of 7.70%, which
indicates a good calibration and is within the Australian guidelines (Barnett et al., 2012) of 10% for
scaled RMS. The predictive model was run over the life of the mine (21 years), and indicates that:

o the proposed mine has a predicted average inflow rate of 2.6 ML/day of groundwater,
which peaks at 5.7 ML/day around Year 19. Approximately 10% of the predicted inflows
are likely to be ‘unseen water’ accounting for moisture in the coal and evaporation loss;

e groundwater level drawdown within the alluvium could extend up to 3.5 km east of
MDL 467;

e groundwater level drawdown within the Tertiary basalt could extend up to 3 km south of
MDL 467;
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o following mine closure, groundwater levels will recover to 194 mAHD and 190 mAHD for
the western and eastern pit voids, respectively, with both pit lake levels well below the pit
crest;

e model results and findings from a bore census conducted within the Project area show that
eight active private bores are predicted to report declines in groundwater levels of over 2 m
as a result of the proposed mine;

e a comprehensive groundwater monitoring network has been established within the
Project area, with all sites equipped with data loggers. In order to monitor potential impacts
from the mine and establish baseline groundwater data on natural variations, it is
recommended that:

o groundwater levels within the monitoring bore network be manually checked and
the data downloaded from the data loggers on a three monthly (quarterly) basis
over a 24-month period;

o surface water (i.e. Taroborah and Retreat Creeks) and groundwater quality
samples be collected and analysed on a three monthly basis; and

o ongoing monitoring and annual reporting of groundwater data is conducted, in
order to identify any departures from the baseline trends that could trigger further
investigation and re-assessment of management and impact mitigation measures.

The predicted modelling has been carried out using a number of assumptions regarding not only
the numerical model, but also the construction and integrity of the private landholder bores.
Outside of the mine area, the geology is not as well understood and the model layering and
parameterisation has been simplified to suit a conservative understanding, that is a hydraulic
connection across the structural features that separate the mine area and areas further to the east,
west and north. The model makes assumptions regarding the model layers into which the private
landholder bores are constructed. As a result, the model and its predictions are conservative in
nature, and the drawdown predicted by the model is considered to be a worst case scenario.
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15 ABBREVIATIONS

AARC
ADWG
AGE
AHD
BoM
CHPP
CMB
CRD
EHP
DEM
DRNM
EA
EC
EIS
EPP Water
GDEs
GMA
GWDB
HC
LOR
maGL
mbGL
MDL
MOLR
NATA
OM
Pbl
Qa
Qa/Qc
Qr
RCH
RMS
SRMS
SRTM
SS
SY

AustralAsian Resource Consultants Pty Ltd
Australian Drinking Water Guidelines
Australasian Groundwater and Environmental Consultants Pty Ltd
Australian Height Datum

Bureau of Meteorology

Coal Handling Preparation Plant

Chloride Mass Balance

Cumulative Rainfall Departure

Department of Environment and Heritage Protection
Digital Elevation Model
Department of Natural Resources and Mines
Environmental Authority

Electrical Conductivity
Environmental Impact Statement
Environmental Protection (Water) Policy 2009
Groundwater Dependent Ecosystems
Groundwater Management Area
Groundwater Database

Hydraulic Conductivity (horizontal)
Limit of Reporting

meters above ground level

meters below ground level

Mineral Development Licence

Method of last resort

National Association of Testing Authorities
Order of Magnitude

Permian Aldebaran Sandstone

Quaternary alluvium

Quiality assurance/ Quality control
Quaternary colluvium

Recharge

Root Mean Square
Scaled Root Mean Square

Shuttle Radar Topography Mission

Specific Storage

Specific Yield
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ToC
TOR
TQa
VHC
WQO
WRP

Tertiary basalt

Total Dissolved Solids

Top of Casing

Terms of Reference
Tertiary/Quaternary alluvium
Vertical Hydraulic Conductivity

Water Quality Objectives
Water Regulation Plan
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16 GLOSSARY

Alluvium - Sediment (gravel, sand, silt, clay) transported by water (i.e. deposits in a stream
channel or floodplain).

Aquiclude - A low-permeability unit that forms either the upper or lower boundary of a ground-
water flow system.

Aquifer - Rock or sediment in a formation, group of formations, or part of a formation which is
saturated and sufficiently permeable to transmit economic quantities of water to wells and springs.

Aquifer, Confined - An aquifer that is overlain by a confining bed. The confining bed has a
significantly lower hydraulic conductivity than the aquifer.

Aquifer, Perched - A region in the unsaturated zone where the soil may be locally saturated
because it overlies a low-permeability unit.

Aquifer, Semi-confined - An aquifer confined by a low-permeability layer that permits water to
slowly flow through it. During pumping of the aquifer, recharge to the aquifer can occur across the
confining layer. Also known as a leaky artesian or leaky confined aquifer.

Aquifer, Unconfined - An aquifer in which there are no confining beds between the zone of
saturation and the surface. There will be a water table in an unconfined aquifer. Water-table
aquifer is a synonym.

Aquitard - A low-permeability unit than can store ground water and also transmit it slowly from
one aquifer to another.

Colluvium - Sediment (gravel, sand, silt, clay) transported by gravity (i.e. deposits at the base of a
slope).

Cone of Depression - The depression in the water table around a well or excavation defining the
area of influence of the well. Also known as cone of influence.

Drawdown - A lowering of the water table of an unconfined aquifer or the potentiometric surface of
a confined aquifer caused by pumping of ground water from wells or excavations.

Falling/Rising Head Test - A test made by the instantaneous addition, or removal, of a known
volume of water to or from a well. The subsequent well recovery is measured.

Farm water supply — Suitability of domestic farm water supply, other than drinking water. For
example laundry and produce preparation.

Head - sum of datum level, elevation head and pressure head which in unconfined aquifers is
equal to the groundwater elevation.

Hydraulic Conductivity - A measure of the rate at which water moves through a soil/rock mass. It
is the volume of water that moves within a unit of time under a unit hydraulic gradient through a
unit cross-sectional area that is perpendicular to the direction of flow.

Hydraulic Gradient - The change in total head with a change in distance in a given direction. The
direction is that which yields a maximum rate of decrease in head.

Infiltration - The flow of water downward from the land surface into and through the upper soil
layers.

Model Calibration - The process by which the independent variables of a digital computer model
are varied in order to calibrate a dependent variable such as a head against a known value such
as a water-table map.

Packer Test - An aquifer test performed in an open borehole to determine rock permeability; the
segment of the borehole to be tested is sealed off from the rest of the borehole by inflating seals,
called packers, both above and below the segment.
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Piezometer - A non-pumping well, generally of small diameter, that is used to measure the
elevation of the water table or potentiometric surface. A piezometer generally has a short well
screen through which water can enter.

Porosity - The ratio of the volume of void spaces in a rock or sediment to the total volume of the
rock or sediment.

Potentiometric Surface - A surface that represents the level to which water will rise in tightly
cased wells. If the head varies significantly with depth in the aquifer, then there may be more than
one potentiometric surface. The water table is a particular potentiometric surface for an unconfined
aquifer.

Pumping Test - A test made by pumping a well for a period of time and observing the
response/change in hydraulic head in the aquifer in order to determine aquifer hydraulic
characteristics.

Slug Test - A test made by the instantaneous addition, or removal, of a known volume of water to
or from a well. The subsequent well recovery is measured and analysed to provide a permeability
value.

Specific Yield - The ratio of the volume of water a rock or soil will yield by gravity drainage to the
volume of the rock or soil. Gravity drainage may take many months to occur.

Storativity - The volume of water an aquifer releases from or takes into storage per unit surface
area of the aquifer, per unit change in head.

Transmissivity - A measure of the rate at which water moves through an aquifer of unit width
under a unit hydraulic gradient.

Unsaturated Zone - The zone between the land surface and the water table. It includes the root
zone, intermediate zone, and capillary fringe. The pore spaces contain water at less than
atmospheric pressure, as well as air and other gases. Saturated bodies, such as perched ground
water, may exist in the unsaturated zone. Also called zone of aeration and vadose zone.

Water Budget - An evaluation of all the sources of supply and the corresponding discharges with
respect to an aquifer or a drainage basin.
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1 FIELD INVESTIGATIONS

Hydrogeological field investigations were undertaken by Australasian Groundwater and
Environmental Consultants Pty Ltd (AGE) between December 2011 and May 2014. Field
investigations included:

¢ installing groundwater monitoring bore;

e collecting groundwater samplings for laboratory analyses;
e testing hydraulic conductivity;

e surveying private landholder bores; and

e measuring groundwater levels and installing data loggers.

Each of the field investigations is described in the sections below.

2 GROUNDWATER MONITORING BORE INSTALLATIONS

A total of 12 PVC monitoring bores were drilled and constructed by Gibson Drilling Services
Pty Ltd between January 2013 and March 2013. IMC Mining Group Pty Ltd (IMC) supervised the
drilling and prepared lithological logs with remote assistance from AGE.

The monitoring bore locations and bore depths were selected based on the proposed mine plan,
exploration drilling results, and published 1:100,000 geological maps. The bores were drilled to
intersect the main geological units including the Aldebaran Sandstone, Tertiary basalt, and
Quaternary alluvium, to measure groundwater level and quality. Table A-1 provides the
construction details for all monitoring bores and Appendix A-1 includes the bore construction logs.

Bores with a ‘C’ suffix were screened across the A or B coal seams, ‘S’ across fine or coarse
sandstones, ‘T’ across Quaternary alluvium, and ‘B’ across Tertiary sediments. All monitoring
bores with the suffix ‘B’ were originally intended to target Tertiary basalt and relied heavily on the
published 1:100,000 surface geology as guidance to plan locations. During drilling, Tertiary basalts
were found to be absent at all of these locations which showed that the published geological
mapping is not entirely accurate. Monitoring bore MB07_B was instead screened across a fine-
grained Aldebaran Sandstone unit and monitoring bores MB01 B, MB06 B and MBO08 B
screened across Tertiary clays, silts, and gravels.

All holes were drilled using open-hole rotary air drilling techniques and constructed in accordance
with the requirements of the ‘Minimum Construction Requirements for Water Bores in Australia,
Edition 3, February 2012’. The monitoring bores were constructed with 50 mm diameter, flush
threaded, Class 18 uPVC with Class 18 machine slotted (0.4 mm aperture) uPVC screen.
Additionally, for every 0.5 m of screen length, a handsaw was used to increase aperture size to
1 mm to allow for entry of stygofauna. A filter pack of clean rounded to sub-rounded gravel of
3 mm to 6 mm diameter was placed in the annulus to a height that covered the screened interval.
Bentonite pellets were placed above and below the filter gravel to form a seal to hydraulically
isolate the screened section whilst the remainder of the annulus was sealed by pumping a
cement/bentonite grout via a tremie line. A steel lockable protector was cemented around the
protruding casing at the surface.
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Table A-1: GROUNDWATER MONITORING BORES - CONSTRUCTION DETAILS
. . Static Water Level
Coordinates* , , , Elevation (mAHD) Screen Gravel Pack April 2013
Hole ID Geological Unit Lithology (MbGL) (MbGL)
mE mN ToC* Ground* (mbToC) (mAHD)
MBO1_B 592503.7 | 7399983.3 Tertiary Clay, silt 214.73 213.69 27.9-33.9 25.6-355 26.00 188.73
MB02 C | 593996.9 | 7397592.4 gzla?wecjbs?(;ig Coal — B seam 23820 | 236.83 | 922-952 | 91.7-952 46.64 191.56
Pebbly coarse
Aldebaran grained sandstone
MB02_S | 594017.2 | 7397580.4 Sandstone (directly overlying 238.07 236.78 89.35-95.35 83-95.45 47.77 186.30
A seam)
Aldebaran Coarse horizon
MBO3 S 599667.0 | 7399771.3 within fine grained 231.80 230.52 76 - 82 74.5 - 82 53.92 177.88
— Sandstone
sandstone
Aldebaran
MB04_C 593513.3 | 7399534.1 Sandstone Coal — B seam 236.09 234.89 118.5-120.5 | 117.5-120.5 43.75 192.34
Pebbly coarse
Aldebaran grained sandstone
MB04_S 593492.8 | 7399536.9 Sandstone (directly overlying 236.26 235.03 100 - 106 99 - 106 43.84 192.42
A seam)
Aldebaran
MBO5 C 598859.7 | 7398818.8 Coal — A seam 238.60 237.34 141 - 144 140 - 144 46.64 191.96
— Sandstone
MBO6 B | 592470.6 | 7394530.3 Tertiary Clay, Silt 222.40 221.11 19.4-254 17.5-26 Dry -
Aldebaran Fine grained
MBO07_B 592064.5 | 7393041.1 Sandstone sandstone 234.30 233.05 27.5-30.6 26 - 30.6 Dry -
MBO08_B 594667.9 | 7390096.2 Tertiary Clay, gravel 243.86 242.60 40 - 46 36 - 46.5 29.13 214.73
MBO09 T 593575.2 { 7401713.7 Quaternary alluvium Sand 202.91 201.61 24 - 30 22 -32 6.72 196.19
MB10_ T 600019.6 | 7402656.4 Quaternary alluvium Silt, gravel 194.71 193.39 12.7 -18.7 10.5-18.7 9.62 185.09
Notes: Coordinates GDA94, Zone 55 ToC = Top of Casing

mbGL = metres below ground level
mbToC = metres below top of casing
* Bore coordinates, ToC (mAHD) and ground level (mAHD) surveyed with differential GPS

MAHD = metres above height datum
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Table A-2: EXISTING GROUNDWATER MONITORING BORES - CONSTRUCTION DETAILS

Static Water Level

Coordinates Elevation (mMAHD) Sravel .
- oo iholooy ToC (mctr)e(;eLn) Pack April 2013
N o Ground (mbGL) (MbToC) (MAHD)
Aldebaran Pebbly coarse grained

TARO016_CR 594956 7395372 sandstone (directly 228.15* na 58 - 64 56 - 66 39.84 188.31
Sandstone .
overlying A seam)
Pebbly coarse grained

TAR040_C | 600263 | 7396108 Aldebaran sandstone (directly | 230.50* |  na 55 - 58 53-59.5 35.74 194.76
Sandstone :
overlying A seam)
Aldebaran Pebbly coarse grained

TARO53 595642 7395113 sandstone (directly 213.55* na 52 -58 46.3 - 60.8 25.56 187.99
Sandstone .
overlying A seam)

TAR176_C | 595549 | 7400349 g;dn%bs";‘g"’r‘]g Fine grained sandstone | 203.98* na 97 - 103 95 - 104.5 11.92 192.06
TAR177_C 594586 7400197 Tertiary Fresh basalt 221.11* na 18-21 155-21.7 11.76 209.35
Aldebaran Pebbly coarse grained
TAR189_C 598843 7398818 s sandstone (directly 236.76* na 137.5-140.5 | 136.5- 142 4477 191.99
andstone .
overlying A seam)
Aldebaran Pebbly coarse grained
TAR249 C 596635 7397000 sandstone (directly 236.18" na 84.5-87.5 83.5-88.6 47.71 188.47
Sandstone )
overlying A seam)
Notes: Coordinates GDA94, Zone 55 (Handheld GPS)

ToC = Top of Casing

mbGL = metres below ground level
MAHD = metres above height datum
mbToC = metres below top of casing
*ToC RL estimated from IMC (2009)"
#ToC RL estimated from IMC (2010)?

Y imc (2009), “Annual Report for Year 3 (12 Month Period Ending 31 January 2009) EPC1011 — Taroborah”.

2IMC (2010), “Year 4 (2009) Exploration of EPC1011 — Taroborah (12 Month Period Ending 31 January 2010)”.
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Bores were airlift developed for between 45 mins and 4 hours until all fines were expelled and field
water quality parameters (pH and electrical conductivity) were stable.

In addition to the newly drilled bores, seven existing monitoring bores are present throughout the
Project area. The construction details of the existing monitoring bores are presented in bore
conversion reports completed by Matrix Plus between 2008 and 2009. The existing monitoring
bores were sampled for water quality in 2009 and were also tested as part of the field
investigations (see Sections 3.0 and 4.0).

3 GROUNDWATER SAMPLING AND TESTING

Field water quality parameters were measured and laboratory samples collected from all
accessible bores as part of the field investigations. All newly drilled monitoring bores (Table A-1)
were sampled between February and March 2013, and existing bores (Table A-2) during
April 2013. An additional sampling round was completed in 2014.

Newly drilled monitoring bores were purged during development and a representative groundwater
sample collected at the end of development. In contrast, the existing monitoring bores were
purged and sampled using a combination of a disposable bailer and a Waterra inertial pump.
Samples were collected by purging a minimum three bore volumes until field water quality
parameters (pH, electrical conductivity (EC) and temperature) had stabilised. Field water quality
probes were calibrated daily prior to use. Prior to purging, the standing water level (SWL) was
measured with a water level dipper.

Table A-3 summarises the final stabilised field water quality parameters. Groundwater samples
collected during the field investigations were analysed for the following suite of parameters:

e physico-chemical parameters (pH, EC, total dissolved solids (TDS), total hardness, sodium
adsorption ratio, total suspended solids);

e major anions (CO3, HCO3, Cl, SO,);

e major cations (Ca, Mg, Na, K);

o fluoride;

. dissolved and total metals (Al, As, B, Ba, Be, Cd, Co, Cr, Cu, Fe*, Hg, Mn, Mo, Ni, Pb, Sb,
Se, U, V, Zn); and

e nutrients (ammonia, nitrite, nitrate, total nitrogen, reactive phosphorus and total
phosphorus).

Each sample was collected in a laboratory supplied container. Samples requiring dissolved metal
analysis were filtered in the field using a 0.45 micron filter. All samples were itemised on a
Chain of Custody Form, which accompanied the samples to the laboratory.
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The water samples were submitted to and analysed by ALS Environmental Laboratories (ALS)
which is National Association of Testing Authorities (NATA) accredited. Laboratory results are
provided in Appendix A-2. Samples could not be collected from newly drilled bores MB06_B and
MBO7_B as these bores were dry during the field investigation. Samples from existing bores
TAR040_C and TAR189 _C were unable to be collected in April 2013 due to poor access
conditions.

Table A-3 shows that field measured EC values in all bores are below 3,180 uS/cm. Based on
these EC values, the groundwater in all monitoring bores is suitable for stock watering purposes.

Table A-3: SUMMARY OF FIELD WATER QUALITY PARAMETERS

April 2013 May 2014
Hole ID Geological Unit . -
pH EC (uS/cm) | Temp ("C) pH EC (uS/cm) | Temp ("C)
MBO1_B Tertiary 8.26 2,450 - 6.63 2,533 26.6
MB02_C Aldebaran Sandstone 8.35 3,180 24.1 6.98 2,153 245
MB02_S Aldebaran Sandstone 8.24 1,395 25.4 7.04 1,463 26.8
MBO03_S Aldebaran Sandstone 7.95 3,130 26.8 11.05 2,850 27.7
MBO04_C Aldebaran Sandstone 8.39 2,760 25.3 7.14 2,377 26.9
MBO04_S Aldebaran Sandstone 8.34 2,570 245 9.07 2,313 25.7
MBO5_C Aldebaran Sandstone 8.37 1,570 26.9 8.45 1,767 29.3
MBO08_B Tertiary 8.47 1,434 - 7.10 1,430 27.2
MBO9_T Quaternary Alluvium 8.21 917 - 6.46 1,351 26.2
MB10_T Quaternary Alluvium 7.92 1,679 - 6.79 1,775 26.4
TARO16_CR Aldebaran Sandstone 6.75 1,328 26.6 6.89 1,236 27.0
TAR040_C Aldebaran Sandstone - - - 7.05 1,194 21.7
TARO053 Aldebaran Sandstone 7.24 956 26.2 6.96 973 27.0
TAR176_C Aldebaran Sandstone 8.66 893 26.7 7.25 1,170 26.0
TAR177_C Tertiary 7.06 1,368 26.0 6.94 1,315 26.8
TAR189 C Aldebaran Sandstone - - - 7.8 2267 29.0
TAR249 C Aldebaran Sandstone 7.68 797 25.7 9.06 546 24.4

Table A-4 and Table A-5 compare the laboratory results against ANZECC (2000)° livestock
drinking guidelines, and ADWG (2011)° aesthetic and health guidelines for samples collected in
2013 and 2014, respectively.

® ANZECC, (2000), “Australian Water Quality Guidelines for Fresh and Marine Waters”, Australia and New Zealand
Environment and Conservation Council and the Agricultural and Resource Management Council of Australia and New
Zealand.

® NHMRC, NRMMC, (2011), “Australian Drinking Water Guidelines Paper 6 National Water Quality Management
Strategy”. National Health and Medical Research Council, National Resource Management Ministerial Council,
Commonwealth of Australia, Canberra.
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Appendix A — Field Investigation (Project No. G1588)

Table A-4: LABORATORY WATER QUALITY RESULTS - APRIL 2013

Analytes Units | LOR ANZECC 2000 ADWG (2011) | mBo1_B | MBY% | mBo2_s | MB0o3_S | MBX%- | MBoa_s | MBI | MBOS_ | oo T | MB1o_T | TARUIOC | yaRes3 | TARIZE. | TARLIZ_ | TAR249
S é = C-D I= clIJ | q'_, [} = c-ﬂ = ql) [ = <F c%: = = c ql) @ = q', ) = q', @ § c &, )
, 5 5o o - o S2e 2585|5502 58 |5588| S22 | O g5 g5 S585 |2588| §5es S 5585
Aquifer = &< - £ §0 | 233 8882|882 838 |2838¢C 88| §& 23 25 | 888¢ |883¢2| gt g 8E88¢
S 8= G S £ 22” |12598|28 g 22" |25°8] 227 | §° 5= S | 25938 2898|125 & = 25°8
g 55 2 T ﬁ <$ <R n|<< B N <$ <R [%5] <c‘f)“ |2 [e] e} < B n <3 n| <R N & <3 n
Date Sampled E 1232013 | 1332013 | 121312013 | 13/32013 | 121312013 | 12/312013 | 1332013 | 21212013 | 11532013 | 115312013 | 230412013 | 22412013 | 18/412013 | 18412013 | 22142013
Field - Physical
Parameters
pH Value oH Unit - 65-85 | - 8.26 835 8.24 795 8.39 834 837 847 821 792 6.75 724 8.66 7.06 768
E'fﬁ;ﬁifilvity @2°c | HSlm - - 2450 3,180 1,395 3130 2760 2570 1,570 1434 917 1679 1328 956 893 1,368 797
Lo Dissolved mglL . : : : : . 864 624 . 520
Temperature °C - - 2.1 254 268 253 25 26.9 - - 26.6 262 26.7 26.0 257
Laboratory - Physical Parameters
oH Value oHUnit | 001 - 65-85 | - 835 823 8.16 8.36 8.24 820 8.45 - 8.33 8.36 759 793 865 740 856
E'jﬁ;ﬁi?i'vity @ac | HSem 1 . - 2170 3,070 1,370 3,060 2630 2,440 1,590 1,450 931 1,560 1,200 980 930 1,400 783
g‘;ﬁgjm Adsorption 0.01 - - 43 45 27 1.8 6.32 8.98 352 - 3.74 6.32 197 151 373 124 3.79
Total Dissolved 3,000-
S (cat) mglL 10 - oo | 6% - 1410 2,000 890 1,990 1,710 1,500 1,030 942 605 1,010 838 637 604 910 509
;g}%'ssus‘)e”ded mglL 5 . . 49,700 270 126 8,020 3470 163 240 313 390 54,400 11 7 5 85
E‘:g'o"a'ard”ess as mglL 1 . 200 . 674 m 446 318 583 385 348 . 204 326 459 371 186 655 137
Alkalinity
Hydroxide Alkalinity
as CaCO;3 mg/L ! i :
Carbonale Alainty molL 1 . : 15 1 20 17 5 16 28 14
S'S"grabggjte Alkalinity | o 1 . . 398 248 472 276 245 376 260 559 225 454 537 445 157 778 75
E‘:g'o’:'ka"”'ty as mglL 1 . . 413 248 472 288 245 376 280 576 231 470 537 445 186 778 )
Major lons
Calcium mglL 1 - 1,000 - 59 97 60 58 77 57 39 30 34 43 75 58 53 71 17
Chloride mglL 1 gﬁgeé"tr?e 250 - 428 718 154 540 504 488 291 129 134 191 17 48 199 73 179
Fluoride mglL 0.1 20 2 15 04 06 06 05 08 04 - 02 05 05 02 02 04
Magnesium mglL 1 - - 128 129 72 42 % 59 61 81 29 53 66 55 13 116 23
Potassium mglL 1 - - 10 13 5 83 18 44 12 2 2 3 3 5 16 3 10
Sodium mglL 1 180 - 257 288 131 482 351 405 151 193 123 262 97 67 17 73 102
Sulfate as SO4 mglL 1 . T | a0 | s00 131 67 36 293 185 156 66 15 37 84 2 13 37 20 12
Dissolved Metals
Aluminium mgL | 001 | - 02 | - 0.02 0.05 0.02 0.01
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Table A-4: LABORATORY WATER QUALITY RESULTS - APRIL 2013

Analytes Units LOR ANZECC 2000 ADWG (2011) MBO1_B MBC?Z_ MB02_S | MB03_S MBC?A'— MBO04_S MBC(:)S— MBE?S— MBO9_T | MB10_T TAR%lG_C TARO053 TARé.?G_ TARé'77— TAR(?A'Q—
Antimony mg/L 0.001 - - - - 0.002 0.001
Arsenic mg/L 0.001 - - - - 0.002 0.004 0.002 0.003 0.002 0.001 0.013 0.001 0.005 0.002

Barium mg/L 0.001 - - - - 0.091 0.146 0.047 0.093 0.082 0.163 0.108 0.117 0.018 0.087 0.121 0.388 0.078 0.096 0.031
Beryllium mg/L 0.001 - - - -

Boron mg/L 0.05 - - - - 0.07 0.13 0.09 0.28 0.14 0.08 0.11 0.12 0.06 0.09 0.1 0.06 0.1 0.07 0.05
Cadmium mg/L 0.0001 - - - -

Chromium mg/L 0.001 - - - -

Cobalt mg/L 0.001 - - - - 0.009 0.001 0.003 0.002 0.003

Copper mg/L 0.001 - - - - 0.002 0.001 0.002 0.001
Ferrous Iron mg/L 0.05 - - - - - 0.22 1.29 0.44

Lead mg/L 0.001 - - - -

Manganese mg/L 0.001 - - - - 0.076 0.022 0.008 0.029 0.016 0.01 0.017 0.006 0.073 0.031 0.051 0.029 0.001 0.077 0.003
Mercury mg/L 0'200 - - - - 0.0001

Molybdenum mg/L 0.001 - - - - 0.034 0.002 0.009 0.015 0.007 0.003 0.002 0.01 0.039 0.002 0.003 0.011 0.005 0.011
Nickel mg/L 0.001 - - - - 0.009 0.001 0.001 0.002 0.001 0.002 0.002 0.004 0.003 0.001
Selenium mg/L 0.01 - - - -

Uranium mg/L 0.001 - - - - 0.005 0.008 0.012 0.005 0.001 0.013 0.007 0.01

Vanadium mg/L 0.01 - - - - 0.01 0.02

Zinc mg/L 0.005 - - - - 0.012 0.005 0.006 0.005 0.007 0.005 0.008 0.008
Total Metals

Aluminium mg/L 0.01 20 5 - - 183 0.51 0.5 1.01 17.4 46.7 0.21 259 1.07 116 0.26 0.04 0.02 0.02 1.88
Antimony mg/L 0.001 - - - 0.003 0.001
Arsenic mg/L 0.001 2 0.5 - 0.01 0.022 0.002 0.002 0.003 0.004 0.01 0.002 0.003 0.115 0.002 0.004 0.001 0.002
Barium mg/L 0.001 - - - 2 1.49 0.14 0.176 0.131 0.237 0.446 0.097 0.144 0.03 212 0.125 0.343 0.078 0.109 0.052
Beryllium mg/L 0.001 0.5 - - 0.06 0.016 0.001 0.003 0.004 0.012

Boron mglL 0.05 gﬁzeé"tr?e 5 : 4 0.05 0.14 0.06 03 0.13 0.12 0.1 0.1 0.06 0.54 0.1 0.06 0.09 0.05 0.07
Cadmium mg/L 0.0001 0.05 0.01 - 0.002 0.0061 0.0002 0.0002 0.0004 0.0012

Chromium mg/L 0.001 1 1 - 0.05 0.238 0.001 0.004 0.004 0.002 0.006 0.264 0.016
Cobalt mg/L 0.001 0.1 1 - - 0.354 0.001 0.003 0.003 0.006 0.001 0.003 0.154 0.002 0.003 0.002
Copper mg/L 0.001 5 0.5 1 2 0.645 0.008 0.001 0.004 0.013 0.022 0.002 0.004 0.266 0.017
Ferrous Iron mg/L 0.05 10 - 0.3 - 0.08 01 - 0.2 - - - -
Lead mg/L 0.001 5 0.1 - 0.01 0.234 0.009 0.001 0.024 0.026 0.074 0.002 0.002 0.213 0.001 0.008
Manganese mg/L 0.001 10 - 0.1 0.5 45.9 0.085 0.02 0.375 0.274 0.727 0.024 0.029 0.088 134 0.052 0.03 0.001 0.092 0.067
Mercury mg/L 0.0001 0.002 0.002 - 0.001 0.0008

Molybdenum mg/L 0.001 0.05 0.15 - 0.05 0.004 0.002 0.003 0.015 0.006 0.007 0.002 0.007 0.002 0.004 0.012 0.005 0.014
Nickel mg/L 0.001 2 1 - 0.02 0.798 0.002 0.002 0.003 0.009 0.009 0.003 0.003 0.003 0.081 0.002 0.004 0.003 0.019
Selenium mg/L 0.01 05 0.02 - 0.01

Uranium mg/L 0.001 0.1 0.2 - 0.017 0.045 0.001 0.015 0.011 0.027 0.002 0.015 0.152 0.01

Vanadium mg/L 0.01 05 - - - 0.41 0.01 0.02 0.02 0.38

Zinc mg/L 0.005 5 20 3 - 1.38 0.015 0.009 0.038 0.074 0.069 0.006 0.02 0.022 0.459 0.01 0.005 0.16

Nutrients
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Table A-4: LABORATORY WATER QUALITY RESULTS — APRIL 2013

Analytes Units LOR ANZECC 2000 ADWG (2011) MBO1_B MB(?Z_ MB02_S | MB03_S MBC(:M— MBO04_S MB((:)S_ MBBOB— MBO9_T | MB10_T TAR%]'G—C TARO053 TARé'76— TARé'77— TARg49_
Ammonia mg/L 0.01 - - 0.5 - 0.08 0.14 0.08 0.92 0.22 0.13 0.17 - 01 0.05 0.02 0.38 0.54 0.03 0.26
Nitrate as N mg/L 0.01 - - - 50 0.01 0.02 0.02 0.03 - 0.02 0.02 0.02 0.02 0.02
Nitrite as N mg/L 0.01 - 30 - 3 0.02 -
Nitrite + Nitrate as N mg/L 0.01 - 400 - - 0.01 0.02 0.04 0.03 0.18 0.02 0.02 0.02 0.02 0.02
Total Keldahl mgl | 0 : : : : 3 04 08 07 02 17 02 05 06 02 1
Nitrogen as N
Total Nitrogen as N mg/L 01 - - - - 3 04 0.8 0.7 0.2 0.2 1.7 0.2 0.5 0.6 0.2 1
Reactive Phosphorus |y | g.01 refer (o : : . 0.04 0.04 0,02 0.01 002 . 0.04 0.02
asP guideline
;°ta' Phosphorus as mglL 0.1 - . . - 317 0.44 0.1 042 0.17 043 063 0.17 0.06 M5 0.8 0.02 0.8
lon Balance
Total Anions meg/L 0.01 - - - - 23 26.6 14.5 271 255 24.5 15.2 16.1 917 16.5 14.5 10.5 10.1 18 7.72
Total Cations meg/L 0.01 - - - - 249 28.3 14.8 29.4 274 26.4 13.8 16.6 948 18 13.5 10.5 9.21 16.3 743
lonic Balance % 0.01 - - - - 3.86 312 0.74 415 3.56 3.74 462 1.57 1.69 418 3.65 0.27 4.59 491 1.91
* Guideline Value depends on type of livestock.

Exceeds ANZECC (2000) short term irrigation water guideline value.

Exceeds Australian Drinking Water Guidelines (2011) aesthetic guideline value.

Exceeds Australian Drinking Water Guidelines (2011) health guideline value.

1000 Exceeds ANZECC (2000) livestock drinking water guideline value.
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Appendix A — Field Investigation (Project No. G1588)

Table A-5: LABORATORY WATER QUALITY RESULTS — MAY 2014

Analvtes Unit | | og ANZECC 2000 ADWG | MBO1_ | MB0O2_ | MB02_ | MB03_ | MB0O4_ | MB04_ | MBO5_ | MBO8_ | MB09_ | MB10_ | TAR0O16_C | TAR040_ | TARO5 | TAR176_ | TAR177_ | TAR189 | TAR249
y s (2011) B C S S C S C B T T R c 3 c C C c
- g’ é :q', s:q', (DCGIJ O)s:q', :q'J O)g:q', c%: = = s:q', [} c @ cq') G);:q') ) c @ cq" [N
, 5 £ |, O. |§5E5|§5858525 5§55 |5585| 555 | 2 | €5 | €5 | §585 | 85 |8s58g 55285 &% s |858%
Aquifer = = €| = 2% | 823 |1282sS382538 8238|8883 883 =) 83 g3 233838 22 8838 83c8 = o) 23838
p 2| = S Scm [ESO0F2s § 2o |BSOoF 2cs<| £O S= 33 25058 2S5 2590825 & = @ 25 2505
g S 5 § R < <y o< o <G <3 0 <G 0 e} S <3 » <w T8 o <8 o» <w <5 »
5 g | <
Date Sampled = = 15/5/2014 | 16/5/2014 | 16/5/2014 | 14/5/2014 | 15/5/2014 | 15/5/2014 | 14/5/2014 | 16/5/2014 | 15/5/2014 | 14/5/2014 |  16/5/2014 15/5/2014 16’5‘{201 15/5/2014 15/5/2014 14/5/2014 15/5/2014
Field - Physical
Parameters
" 6.5
pH Value Smt : - : 6.63 6.98 7.04 11.05 7.14 9.07 8.45 7.10 6.46 6.79 6.89 7.05 6.96 7.25 6.94 7.84 9.06
85
Electrical S/c
Conductivity @ ”m : s : 2,533 2,153 1,463 2,850 2,377 2,313 1,767 1,430 1,351 1,775 1,236 1,194 973 1,170 1,315 2,267 546
25°C
Total Dissolved mall ) ) ) ) ) ) ) ) ) ) ) )
Solids 9
Temperature °C - - - 26.6 245 26.8 21.7 26.9 25.7 29.3 27.2 26.2 26.4 27.0 21.7 27.0 26.0 26.8 29.0 244
Laboratory - Physical
Parameters
" 6.5
pH Value Smt 0.01 : - : 7.85 8.36 8.28 10.4 8.21 8.82 8.54 8.17 8.03 8.15 8.19 8.26 8.26 8.4 8.25 8.48 8.91
85
Electrical S/c
Conductivity @ ”m 1 . g : 2,460 2,030 1,380 2,640 2,460 2,250 1,720 1,310 1,390 1,680 1,180 1,050 904 1,130 1,240 2,150 521
25°C
Sodium
Adsorption 0.01 . g : 35 8.53 2.69 40.8 5.12 114 474 2.34 423 353 1.98 1.74 153 2.41 1.21 6.1 3.66
Ratio
3,000-
Total Dissolved | mg/L | 10 - 13,000 | 600 | - 1,380 1,220 783 1,660 1,520 1,380 1,010 789 869 928 604 559 471 645 676 1,170 1,000
Solids (Calc.) *
Total
Suspended mg/L 5 - - - 915 103 5 759 67 111 52 7,390 14 813 256 223 327 114 53 49 10,500
Solids
;‘S’tg!g%rf“ess mgl | 1 . 200 | - 846 326 436 2 582 215 364 512 324 513 491 378 351 333 616 439 67
Alkalinity
Hydroxide
Alkalinity as mg/L 1 - - - 72
CaCOs3
Carbonate
Alkalinity as mg/L 1 - - - 18 194 70 34 20 38 31
CaCOs3
Bicarbonate
Alkalinity as mg/L 1 - - - 620 416 492 358 322 279 587 237 641 520 442 444 254 653 450 1180
CaCOs3
;:tg'aé'gas“”“y mgl | 1 . - 620 434 492 267 358 392 313 587 237 641 520 442 444 274 653 488 1210
Major lons
Calcium | mgL | 1 - | 1000 | - | - 70 53 | 64 9 9 25 37 70 54 77 78 51 55 56 85 29 2
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Appendix A — Field Investigation (Project No. G1588)

Table A-5: LABORATORY WATER QUALITY RESULTS — MAY 2014

Analvtes Unit | | on ANZECC 2000 ADWG | MBO1_ | MB02_ | MB02_ | MB03_ | MBO4_ | MB04_ | MBO5_ | MB08_ | MB09_ | MB10_ | TAR016 C | TAR040 | TARO5 | TAR176_ | TAR177_ | TAR189_ | TAR249_
y S (2011) B C S S C S C B T T R C 3 C C C C

Chloride mg/L 1 refer to guideline 250 - 497 370 185 560 589 502 377 136 338 202 114 108 57 220 69 501 146

Fluoride mg/L 0.1 20 2 - 1.5 0.2 0.9 0.8 0.5 0.5 0.9 0.3 0.7 0.2 0.4 0.6 0.2 0.5 0.2 0.1 0.3 <0.5*

Magnesium mg/L 1 - - - 163 47 67 <1 85 37 66 82 46 78 72 61 52 47 98 89 3

Sodium mg/L 1 - 180 - 234 354 129 445 284 385 208 122 175 184 101 78 66 101 69 294 69

Potassium mg/L 1 - - 8 8 6 175 13 57 44 2 3 16 3 9 5 15 4 10 6

SufateasSO: | mglL | 1 : L | 250 | 500 | 3 198 42 225 141 108 %% 7 55 78 18 12 12 42 20 8 2%

Dissolved

Metals

Aluminium mg/L | 0.01 - 0.2 -

Antimony mg/L | 0.001 - - -

Arsenic mg/L | 0.001 - - - 0.003 0.006 0.002 0.004 0.002 0.004 0.002

Barium mg/L | 0.001 - - - 0.098 0.096 0.125 0.052 0.122 0.066 0.102 0.233 0.03 0.108 0.214 0.233 0.398 0.113 0.116 0.154 0.034

Beryllium mg/L | 0.001 - - -

Boron mg/L | 0.05 - - - 0.09 0.12 0.09 0.07 0.1 0.1 0.08 0.07 0.05 0.08 0.08 0.11 0.06 0.1 0.05 0.13 0.05

Cadmium mg/L 0'200 - - -

Chromium mg/L | 0.001 - - - 0.002 0.001

Cobalt mg/L | 0.001 - - - 0.004 0.002 0.002 0.002

Copper mg/L | 0.001 - - -

Ferrous Iron mg/L 0.05 - - - 0.33

Lead mg/L | 0.001 - - -

Manganese mg/L | 0.001 - - - 0.159 0.296 0.029 0.125 0.009 0.036 0.049 0.032 0.125 0.039 0.102 0.028 0.032 0.07 0.017

Mercury mg/L 0'(;00 - - -

Molybdenum mg/L | 0.001 - - - 0.006 0.012 0.006 0.042 0.002 0.013 0.036 0.003 0.008 0.003 0.008 0.003 0.004 0.006 0.004 0.01

Nickel mg/L | 0.001 - - - 0.008 0.002 0.003 0.004 0.004 0.003 0.004 0.006 0.007 0.002 0.008 0.003 0.002 0.001

Selenium mg/L | 0.01 - - -

Uranium mg/L | 0.001 - - - 0.001 0.001 0.001 0.008 0.002 0.008

Vanadium mg/L | 0.01 - - -

Zinc mg/L | 0.005 - - - 0.007 0.007 0.017 0.042 0.02 0.039 0.016 0.021 <0.005 0.013

Total Metals

Aluminium mg/L | 0.01 20 5 - - 9.96 0.29 0.08 3.62 0.11 0.17 0.63 13.2 0.03 2.82 1.14 1.3 1.27 1.93 0.11 0.32 101

Antimony mglL | 0.001 . - 1%

Arsenic mg/L | 0.001 2 0.5 - | 0.01 0.004 0.004 0.007 0.009 0.001 0.002 0.005 0.002 0.003 0.007 0.002 0.101

Barium mg/L | 0.001 - - 2 0.136 0.105 0.134 0.207 0.122 0.084 0.124 0.331 0.034 0.203 0.238 0.272 0.454 0.14 0.124 0.172 2.07

Beryllium mg/L | 0.001 0.5 - | 0.06 0.001 0.02

Boron mg/L | 0.05 | referto guideline 5 - 4 0.09 0.12 0.1 0.13 0.13 0.15 0.12 0.09 0.07 0.08 0.1 0.12 0.08 0.11 0.09 0.15 0.2

Cadmium mgl. | 290 0.05 001 | - | %% ooo02 0.0002 0.0042

Chromium mg/L | 0.001 1 1 - | 0.05 0.034 0.001 0.004 0.038 0.002 0.012 0.011 0.042 0.013 0.002 0.002 0.002 0.005 0.001 0.103

Cobalt mg/L | 0.001 0.1 1 - - 0.013 0.003 0.001 0.004 0.005 0.005 0.011 0.001 0.072
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Table A-5: LABORATORY WATER QUALITY RESULTS — MAY 2014

Analvtes Unit | | on ANZECC 2000 ADWG | MBO1_ | MB02_ | MB02_ | MB03_ | MBO4_ | MB04_ | MBO5_ | MB08_ | MB09_ | MB10_ | TAR016 C | TAR040 | TARO5 | TAR176_ | TAR177_ | TAR189_ | TAR249_

y S (2011) B C S S C S C B T T R C 3 C C C C
Copper mg/L | 0.001 5 0.5 1 2 0.024 0.001 0.002 0.006 0.004 0.009 0.006 0.013 0.003 0.002 0.002 0.005 0.001 0.014 0.397
Ferrous Iron mg/L 0.05 10 - 0.3 - 2.32 0.88 0.19 0.06 <2.50% 0.45 <0.25% <1.25% <1.25% 0.24 0.1 315
Lead mg/L | 0.001 5 0.1 - 0.01 0.006 0.001 0.005 0.001 0.013 0.004 0.01 0.005 0.009 0.004 0.004 0.001 0.479
Manganese mg/lL | 0.001 10 - 01 | 05 1.24 0.325 0.042 0.079 0.144 0.027 0.055 0.262 0.035 0.601 0.061 0.117 0.05 0.078 0.192 0.024 5.74
Mercury mg/L 0'(100 0.002 0.002 - 0'? L
Molybdenum mg/L | 0.001 0.05 0.15 - 0.05 0.004 0.013 0.006 0.042 0.002 0.019 0.038 0.001 0.005 0.003 0.009 0.003 0.004 0.005 0.004 0.01
Nickel mg/L | 0.001 2 1 - 0.02 0.03 0.002 0.004 0.006 0.005 0.002 0.032 0.012 0.006 0.017 0.013 0.005 0.024 0.007 0.003 0.003 0.272
Selenium mg/L | 0.01 05 0.02 - 0.01 0.07
Uranium mg/L | 0.001 0.1 0.2 - 0';)1 0.002 0.002 0.002 0.001 0.003 0.014 0.004 0.008 0.001 0.074
Vanadium mg/lL | 0.01 0.5 - - - 0.04 0.02 0.02 0.02 0.11
Zinc mg/L | 0.005 5 20 3 - 0.053 0.009 0.023 0.023 0.009 0.024 0.039 0.047 0.034 0.084 0.093 0.037 0.036 0.008 0.013 1.26
Nutrients
Ammonia mg/lL | 0.01 - - 0.5 - 0.05 0.09 0.04 2.7 0.12 0.17 0.22 1.22 0.08 0.01 0.02 8.19 0.11 0.3 0.1 0.56 0.47
Nitrate as N mg/L | 0.01 - - - 50 0.04 0.03 0.14 0.04 0.05 0.13 0.04
Nitrite as N mg/L | 0.01 - 30 - 3
pe s NEe | gl | oot . 400 | - | - 0.04 003 0.14 0.04 005 0.13 0.04
Total Kjeldahl
Nitrogen as N mg/L 0.1 - - - - 0.3 0.1 3.2 0.2 0.2 0.3 1.3 0.2 8.3 0.2 0.3 0.1 0.6 9.2
Z:tfl' Nirogen | ol | 0.1 - - N 03 0.1 32 0.2 0.2 0.3 14 0.2 8.3 0.2 04 0.1 0.6 9.2
Reactive
Phosphorus as mg/L | 0.01 | referto guideline - - - 0.02 0.01 0.03 0.01 0.03 0.04 0.01 0.04
P
Total
Phosphorus as mg/L | 0.01 - - - - 0.56 0.06 0.01 0.11 0.06 0.02 0.08 0.42 0.64 0.07 0.21 0.08 0.02 0.04 0.07 345
P
lon Balance
Total Anions meg/L | 0.01 - - - - 28.3 23.2 15.9 25.8 26.7 24.2 18.8 15.7 15.4 20.1 14 121 10.7 12.6 15.4 24 28.8
Total Cations meg/L | 0.01 - - - - 27.3 221 145 24.3 24.3 22.5 174 15.6 14.2 18.7 14.3 11.2 10 114 15.4 21.8 45
lonic Balance % 0.01 - - - - 1.91 248 4.79 3.07 4.67 3.75 3.85 0.38 4.22 3.77 1.07 4.04 342 4.65 0.02 4.89 73

* Guideline Value depends on type of livestock
# Anomalous LOR reported by laboratory

Exceeds ANZECC (2000) short term irrigation water guideline value.

Exceeds Australian Drinking Water Guidelines (2011) aesthetic guideline value.

Exceeds Australian Drinking Water Guidelines (2011) health guideline value.
1000 Exceeds ANZECC (2000) livestock drinking water guideline value.
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4 HYDRAULIC TESTING

Falling head tests were undertaken on 15 monitoring bores located throughout the Project area.
Tests were performed by pouring 10 litres to 20 litres of water into the bore casing and monitoring
the groundwater level response until the water level recovered to pre-test levels. This procedure
estimates the average hydraulic conductivity of the geological material in the immediate vicinity of
the bore screen.

Monitoring bores completed within the Tertiary sediments and Aldebaran Sandstone were
analysed using the Hvorslev (1951)" method for confined aquifers. Bores screened within alluvium
were analysed using the Bouwer and Rice (1976)® method for unconfined aquifers. Appendix A-3
presents an interpretation of the falling head tests, whilst Table A-6 summaries the results. Aquifer
storage properties (specific yield and specific storage) are not measured by falling head tests.

Table A-6: PERMEABILITY TEST RESULTS
Hydraulic Analvsis
Bore Geological Unit Lithology Conductivity Y
Method
(m/day)
MBO1_B Tertiary Clay, silt 5.53 x 10 Hvorslev
MBO02_C Aldebaran Sandstone Coal — B seam 2.33x 102 Hvorslev
Pebbly coarse grained
MBO02_S Aldebaran Sandstone sandstone (directly overlying 1.32 Hvorslev
A seam)
Coarse horizon within fine 2
MBO03_S Aldebaran Sandstone grained marine sandstone 1.12x 10 Hvorslev
MBO04_C Aldebaran Sandstone Coal — B seam 4.79 x 10 Hvorslev
Pebbly coarse grained
MBO04_S Aldebaran Sandstone sandstone (directly overlying 262 x10* Hvorslev
A seam
MBO05_C Aldebaran Sandstone Coal — A seam 1.73x 10" Hvorslev
MBO08_B Tertiary Clay, gravel 1.25x 10™ Hvorslev
MB09_T Quaternary Alluvium Sand 2.00 Bouwer & Rice
MB10_ T Quaternary Alluvium Silt, gravel 2.60 x 107 Bouwer & Rice
Pebbly coarse grained
TAR016_CR Aldebaran Sandstone sandstone (directly overlying 3.00 Hvorslev
A seam
Pebbly coarse grained
TARO53 Aldebaran Sandstone sandstone (directly overlying 9.10 x 10 Hvorslev
A Seam)
TAR176_C Aldebaran Sandstone Fine grained marine sandstone 5.40 x 107 Hvorslev
TAR177 C Tertiary Fresh basalt 1.30 x 10" Hvorslev
Pebbly coarse grained
TAR249 C Aldebaran Sandstone sandstone (directly overlying 3.00 x 10 Hvorslev
A seam)
Note: Bores MB06_B and MB0O7_B were dry

Bores TAR040_C and TAR189 C were not tested

’ Hvorslev M.J., (1951), “Time Lag and Soil Permeability in Ground Water Observations”, U.S. Army Corps of Engineers
Waterway Experimentation Station, Bulletin 36.

8 Bouwer, H. and Rice, R.C., (1976), “A slug test method for determining hydraulic conductivity of unconfined aquifers with
completely or partially penetrating wells”, Water Resources Research, Vol. 12, No. 3, pp. 423-428.
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5 LANDHOLDER BORE CENSUS

A bore census was conducted between December 2011 and April 2013 to identify private bores
within 10 km of the Project area. Bores were identified from the Department of Natural Resources
and Mines (DNRM) groundwater database (GWDB) and by consulting with local landowners.

A search of the DNRM GWDB identified 48 registered bores within 10 km of the Project area,
including seven within the Project area. Ten of the registered bores were recorded as being
abandoned or destroyed and therefore were not visited during the bore census (Table A-7). The
remaining 38 registered bores were visited during the bore census undertaken in December 2011
and April 2013; however, five of these bores were on land that had access prevented. An
additional 13 unregistered bores were identified during the bore census. Appendix A-4 contains
the field reports for all private bores visited during the bore census.

Table A-7: DNRM GWDB - DESTROYED OR ABANDONED
Registered Bore No. Current Status .Coordmates .

Easting Northing
37768 Abandoned and destroyed 596803 7387038
44476 Abandoned and destroyed 587368 7385666
44477 Abandoned and destroyed 586731 7386009
44478 Abandoned and destroyed 587632 7386899
89483 Abandoned and destroyed 588451 7408599
13020027 Abandoned 607916 7396972
13020078 Abandoned 607612 7403274
13020080 Abandoned 607714 7400981
13020081 Abandoned 604305 7401322
13020082 Abandoned 602650 7402448

Note: Coordinates in MGA94 Zone 55 and estimated from DNRM GWDB

Where possible, groundwater levels and field water quality parameters (pH, EC, and temperature),
were measured for the private bores. Bore details for the five bores unable to be visited during the
bore census were obtained from the DNRM GWDB and from discussions with landholders.
Results of the bore census are presented in Table A-8, with the locations of bores shown in
Figure 7 of the main report.

Data shows that there are 22 used bores within 10 km of the Project area with the main use being
for stock watering and farm water purposes. Geological units were inferred for each of the
landholder bores from one of more of the following sources:

o DNRM borelogs;
e owners borelogs;
e nearby exploration borelogs; and

e 1:100,000 published geology maps.



Ow

VaTER

"
& enviRo®

Page A - 14

Appendix A — Field Investigation (Project No. G1588)

Table A-8: LANDHOLDER BORE CENSUS RESULTS

. . Easting | Northing Ground Casing . Bore Water Field Water Quality
'El';e R;g::t;':d Otl;lear::re GDA9%4 GDA9%4 D:;z':ie?iz’m Su?::ee d Elevation | Diameter C.? su;g DDr;It: d Depth Yield Equipment SBt:tI:s Bore Use Level GeoII:feiI::Id Unit Data Source Comments
' ' z55 z55 P Ye& | (maHD) | (mm) P (m) (mbgl) 9 Temp | EC | DS
() (uSfem) | (mgiL)
Within Project Area
1 13020220 600038* 7402243 : 07112/2011 2009* } } Bore not Abandoned or } } } } Bore no longer exists - DNRM bore database
found Destroyed comment.
Plantagenet Inferred from Bore used for stock watering. Within area there was
2 67303 1 505087 7394403 Lot 4 Plan 07112/2011 299 Steel 137 Submersible In use Stock Aldebaran 1:100,000 geololgy ; ; ; ; the GSQ Plantagenet 11 exploration hole, th|§ bore is
Replacement PT352 pump Sandstone maps & exploration apparently a replacement bore. Landholder did not
Bore drill log identify any other bores in use on property.
Aldebaran Inferred from bore Used daily. Supplies drinking water to 3 properties
3 Community | soq193 | 7306249 | LOL24PlEN {04001 248 1980s 123 1000 Eletric In use Farm water Sandstone - coarse & o and nearby 25.1 745 997 650 | Field water quality readings taken from nearby storage
Bore DN40201 gallons/hour Submersible Istock grained pebbly j
exploration borelogs tank.
sandstone
Lot 203 Plan Bore not Bore unable to be located. DNRM reports bore was
4 67302 598517+ 7395249* 07/12/2011 Steel* - - Unlikely to exist - - - - drilled for coal seam gas exploration. Bore is unlikely to
DSN377 found exist
Mono pump Lot 76 Plan Unable fo visit ) Not in Q_uaternary Owner commented that bore has gone dry and is no
5 57649 596184* 7402744* (landholder 140* pvC* 1980* 16* Not equipped alluvium (Retreat DNRM database - - - - h
Bore PT372 use longer in use.
access) Creek)
Inferred from bore
Lot 14 Plan } ) Not in Aldebaran location and ) ) Not in use. Field water quality readings taken by
6 Camp Bore 594281 7397364 RP881318 08/12/2011 249 150 Steel Not equipped use 43.38 Sandstone (unit?) 1:100,000 geology 7.16 1293 bailing from bore.
maps
Aldebaran
7 90064 House Bore 506819 7396888 Lot 14 Plan 08/12/2011 248 140 PVC 1993* 92* 1000 Submersible In use Stock and farm Sands_tone - coarse DNRM database ) 744 1904 ) Used daily for farm water supply and stock watering of
RP881318 gallons/hour pump water grained pebbly up to 400 cattle.
sandstone
8 67349 TheSwamp | 592050 | 7400830 [ LOLM4PEN {10011 215 140 PVC 1986t | a2 Submersible. {1, e Stock 783 | Teriarybasat | DNRM database . 728 | 1602 .| Usedevery few days for stock watering of up fo 400
RP881318 pump cattle.
. . Inferred from bore
9 84184 FaiwaysNo | son37 | 7308628 | LOLISPIRN | ggrrap0011 - 127+ Steel* 1987* 76.5* - Submersible ), g Stock Aldebaran depth and 1:100,000 - - - -
Bore RP881318 pump Sandstone (unit?)
geology maps
Within 5 km of Project Boundaries
Not .
10 37769 HomeBore | 506523 | 7387519 | LOLZIPaN lgesom1s 260 150 Steel 19722 | 518 02L0s* Not equipped | currently Stock 2068 |  Tertiary basalt DNRM database . 7.9 1267 .| Otd windmill bore not used anymore. Reported as
DSN572 in use having high sulphur content.
) Inferred from bore
Paul Springs Lot 21 Plan " " . X . .
11 37770 Bore 592914 7386412 DSN572 08/12/2011 229 150 Steel 1972 30.5 Jet pump In use Stock 0.31 Tertiary basalt depth and 1:100,000 - - - - Used daily for stock watering of up to 300 cattle.
geology maps
Not . . .
12 44471 se060 | 73esasz | 3PN | 46042013 260 125 Steel 1900* 914 Not equipped | currently Stock 045+ |  Tertiary basalt DNRM database - - - .| Bore previously usedfor stock watering. Unlikely to be
PT373 in use used in the future.
Quaternary Inferred from owners Waters stock across the whole property, approx. 1000
Bottom Lot 96 Plan " Submersible . comments, bore breeding cows. Field water quality readings taken from
13 103908 Paddock Bore 589653 7403718 SP227975 20/04/2013 213 150 PVC 18 5000 L/hr pump Inuse Stock alluwér::aéi{;atreat depth and 1:100,000 235 7.74 1407 942 nearby stagnant stock trough. This bore and Washbum
geology maps Spring are the main water sources for the farm.
Lot 212 Plan Not in Inferred from bore
14 47221 605177 7398398 DSN839 08/12/2011 233 127 Steel 1960* 9.66 Not equipped Use Dry Tertiary (unit?) depth and 1:100,000 - - - - Bore is no longer used and dry.
geology maps
. Inferred from bore )
15 | 47238 605840 | 7400508 | LOL212PEN 1 ogioppeg 207 127 Steel 1975* 78 Submersible{ -y, g | Stock&fam 45507 | Tertary unit?) | depthand 1100000 | - 7 506 .| Used approx. twice weekly for stock and farm water
DSN839 pump water purposes.
geology maps
16 90250 588803 | 7398913 LS";,ZS“QZ?{‘ 21/0412013 216 150* pVC* 1993+ 54 3.91 Lis* S“bg];r:'b'e In use Stock Tertiary gravel DNRM database - - - - Used for stock watering.
Lot 13 Plan Submersible Aldebaran Used daily for stock watering of up to 200 cattle. Field
17 103728 Back of House 602849 7400245 19/04/2013 221 150 Steel 2003 121.5 0.96 L/s* In use Stock . DNRM database 29 7.96 2533 1527 water quality readings taken from nearby stagnant
DSN703 pump Sandstone (unit?) stock trough
Lot 13 Plan Submersible Aldebaran Used daily for stock watering of up to 100 cattle. Field
18 103729 Paddock Bore 600681 7399512 19/04/2013 225 140* Steel 2003 1215 0.92 L/s* Inuse Stock . DNRM database 28.3 7.25 2792 1703 water quality readings taken from nearby stagnant
DSN703 pump Sandstone (unit?) stock trough
A . Inferred from bore Owner reported windmill is broken. Was used before
2
19 37737 600200 | 73seaete | LOL3PEM L ot visied 127° Steel* 1953* 55° Windmill Notin | gore Damaged Basalt? Aldebaran 4ot and 1:100,000 - - - - | dam was constructed on property approx. 60 years
DSN801 (broken) use Sandstone? .
geology maps ago. Not used since.
Inferred from bore Used daily for stock watering of up to 100 cattle. Large
Railway Lot 1 Plan 250 N Stock and farm Tertiary basalt depth, 1:100,000 vesicular basalt boulders visible around bore. Field
2 Paddock Bore 587049 7394528 PT117 19/0412013 %7 125 Steel 1998 40 gallons/hour Windmill In use water 83 (vesicular) geology maps and 299 68 17 845 water quality readings taken from pressure tank near
field observations bore head.
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Table A-8: LANDHOLDER BORE CENSUS RESULTS

. . Easting | Northing Ground Casing . Bore Water Field Water Quality
'El';e R;g::t;':d Otl;lear::re GDA9%4 GDA9%4 D:;z':ie?iz’m Su?::ee d Elevation | Diameter C.? su;g DDr;It: d Depth Yield Equipment SBt:tI:s Bore Use Level GeoII:feiI::Id Unit Data Source Comments
: : 255 55 P ¥ (mAHD) | (mm) yp (m) (mbgl) 9 Temp | EC DS
(C) (uSicm) | (mglL)
Eighty-Nine Lot 1 Plan Aldebaran Inferred from bore
21 57603 gnty 600739 7393663 09/12/2011 214 150 Steel 1900* 80 Windmill In use Stock . depth and 1:100,000 - - - - Used for stock watering of up to 170 cattle.
Bore DSN984 Sandstone (unit?)
geology maps
Lot 14 Plan Not Backup bore for Tertiary basalt / Inferred from bore
22 Twin Bore 591671 7399335 RP881318 08/12/2011 211 Steel 2004 46 Not equipped currently stock during 19 Aldebaran depth and 1:100,000 - 6.97 7286 - Used in drought only
in use droughts Sandstone geology maps
Inferred from DNRM
. . Lot 95 Plan - " " N " Submersible Stock & farm ' database, bore Spoke to owner Cameron Backus. Bore is used for
23 89399 House Bore 586128 7399707 SP227975 Not visited 125 PVC 1993 50 pump In use water Colinlea Sandstone depth and 1-100,000 - - - - stock and farm water supply.
geology maps
Lot 1 Plan Bore not Abandoned or Bore unable to be located and owner unaware of bore
24 103381 603235* 7396143* 09/12/2011 127* Steel* 1900* 14.5* - - - - - - at this location. DNRM database reports bore is
DSN984 found Destroyed
abandoned.
Inferred from bore
2 132656 604831+ | 7307432+ | LOL202ZPIAN f i icited 140* PVC* 2007* 124* 0.58" 2 2 ? - Aldebaran depth and 1:100,000 - - - -
DSN773 Sandstone (unit?)
geology maps
Between 5 km and 10 km of Project Boundaries
- Not } . L .
Anakie Creek Lot 3 Plan . Backup bore for Tertiary basalt : : : : Never equipped. This is a backup bore in case
26 Bore 584863 7388596 PT373 16/04/2013 262 125 PVC 2006 37 Not equipped ctiJr:rSQéIy stock 1.2 (Fractured) Owners borelog problems with ofher bores.
Inferred from bore
27 Anakie Tank 583773 7388873 Lot 3 Plan 16/04/2013 268 150 PVC 1996 %5 Submersible In use Stock Tertiary basalt depth, 1:100,000 238 76 2115 1404 Bore used daily. Field water quality readings taken
Bore PT373 mono pump geology maps and from nearby storage tank.
surrounding bores
Inferred from bore )
Bore SW of Lot 3 Plan 500 . depth, 1:100,000 Used approx. monthlly to refill storage tanks. Bore was
28 . 589127 7387106 16/04/2013 235 125 PVC 2001 51.2 Jack pump In use Stock Tertiary basalt - - - - pump tested after drilled — 15 m of drawdown after
Limestone PT373 gallons/hour geology maps and .
. 18.5 hours pumping.
surrounding bores
Not Backup bore for Tertiary . . .
29 44475 BurPaddock | gesr03 | 7a007as | L3PEN 1 gi04r201 269 150 Steel 1971* 549 Not equipped | currently | stock & farm 21 basalt/Colinlea DNRM database - - - . | Asubmersible has been used in the past. This is a
Bore PT373 . backup bore in case problems with other bores.
in use water Sandstone
Not Tertiary basalt . . )
30 Cotton Seed | gerazs | 737322 | L3P | 4042013 257 125 PVC 2000 42 1700 Notequipped | curently | Beckupborefor f g (vesicular and Owners borelog - - - .| Neverequipped. This s a backup bore in case
Bore PT373 gallons/hour . stock problems with other bores.
in use fractured)
Inferred from owners . -
. - . Used daily for farm water use. Not used for drinking
31 Domestic 584132 | 7390174 Lot3Plan 1 4610412013 275 150 Steel 1986 305 500 Submersible {1, e Farm water 11.28 Tertiary basalt comments, bore 273 72 1360 845 | water. Water reported as being 'very hard'. Field water
Bore PT373 gallons/hour pump depth and 1:100,000 uality readings taken from nearby storage tank
surface geology quallty g y g ’
Inferred from bore
John Pauls Lot 3 Plan 940 Submersible . depth, 1:100,000 : : : : Frequency of use depends on number of cattle and
32 Bore 587605 7386451 PT373 16/04/2013 256 125 PVC 1/02/1999 39 gallonsfhour oump In use Stock Tertiary basalt geology maps and can vary from daily to monthly.
surrounding bores
Little Phils Lot 3 Plan Not
33 44470 Bore 588108 7388433 PT373 16/04/2013 258 150 Steel Pre - 1979 54.3 Not equipped currently Never used 1.2 Tertiary basalt DNRM database - - - - Unlikely to be used in the future.
in use
Unregistered Lot 3 Plan Not Inferred from nearby Bore has never been used by current landholder
34 583663 7390526 16/04/2013 276 100 Steel Pre 1979 - Not equipped currently Never used 3.05 Tertiary basalt bores and 1:100,000 - - - - ; '
Bore PT373 . Landholder plans to remove this bore.
in use geology maps
Unregistered Lot 3 Plan Not Backun bore for Inferred from nearby
35 Bore with Jack 583667 7389075 PT373 16/04/2013 274 125 Steel Pre 1979 - Not equipped currently s?ock 3.51 Tertiary basalt bores and 1:100,000 - - - - Landholder may use bore in the future.
pump in use geology maps
Burr Paddock Lot 3 Plan Not Backun bore for Inferred from bore Bore currently not in use, but has been used for stock
36 44474 Well 583089 7391287 PT373 16/04/2013 272 Steel Pre 1979 12.2 Not equipped currently s?ock Tertiary basalt depth and 1:100,000 - - - - watering in the past. Currently a backup in case
in use geology maps problems with other bores.
. Quaternary Unable to access bore due to wet conditions during
37 89387 KubotaBore | 584831+ | 7405866 | ‘CL96Plan | Unableto 142° 1993 1850 | 2sooumr [ Submesble g Stock allwvium (Retreat | DNRM database - - - - | survey. Bore supplies approx. one third of the farm
SP227975 access bore pump . .
Creek) with stock water when required.
N . Inferred from bore . . )
38 47208 610828 | 7308058 | LOL1B4PIAN | yoinam013 214 150 Steel 1975* 6.92 Windmill Notin Dry Tertiary (unit?) | depth and 1:100,000 - - - - Bore notin use and dry. Unlikely to be used in the
DSN731 (broken) use future
geology maps
Could not locate bore and owners were not aware of a
. " Lot 212 Plan * " " " Bore not Abandoned or bore at this location. A turkeys nest type depression
39 47225 A1 607285 | 7399295 DSN839 19/0412013 127 Steel 1973 30 - found Destroyed - - - = | found nearby at 607229E, 7399101N which
occasionally fills with water even when no recent rain.
40 | 13020071 609322 | 7399195 - 19/04/2013 215 50+ PVC* 1976* 13* Not equipped Groundwater Tertiary basalt DNRM database - - - - | DNRM groundwater monitoring bore.
monitoring (weathered)




Page A- 16
Appendix A — Field Investigation (Project No. G1588)

Table A-8: LANDHOLDER BORE CENSUS RESULTS
. . Easting | Northing Ground Casing . Bore Water Field Water Quality
'El';e R;g::t;':d Otl;lear::re GDA9%4 GDA9%4 D:;z':ie?iz’m Su?::ee d Elevation | Diameter C.? su;g DDr;It: d Depth Yield Equipment SBt:tI:s Bore Use Level GeoII:feiI::Id Unit Data Source Comments
: : 255 55 P ¥ (mAHD) | (mm) yp (m) (mbgl) 9 Temp | EC DS
(C) (uSicm) | (mglL)
41 13020086 609311 | 7399819 - 19/04/2013 227 50* PVC* 1979* 2 0.32 Lis* Not equipped G;’;‘nr;t‘i‘ﬁ";;e' Tertiary basalt DNRM database - - - - DNRM groundwater monitoring bore.
« " " " ’ Groundwater ! .
42 13020090 607703 7400986 - 19/04/2013 195 50 PVC 1979 17.5 Not equipped monitoring Tertiary basalt DNRM database - - - - DNRM groundwater monitoring bore.
43 13020107 609564 | 7401583 - 19/04/2013 200 50 PVC* 1979* 9.8* Not equipped Gr:]"o“nr;t‘i‘ﬁf];e' 265 Te“'(?rg’sﬁ;‘““ DNRM database - - - - DNRM groundwater monitoring bore.
Bore surveyed as part of bore census for nearby
Lot 1 Plan Quaternary Valeria coal project. Bore used daily for stock
44 47323 Fork Lagoon 595100 7410014 02/12/2011 212 950 Concrete 1973* 8.9 Jet pump Inuse Stock 3.8 alluvium (Kettle Owners borelog 25 10.6 2170 - ) . - . )
CLM11 Creek) watering. Field water quality readings taken from
nearby stagnant stock trough.
Lot 1 Plan Notin Quaternary Bore surveyed as part of bore census for nearby
45 47322 Fork Lagoon 591443 7410299 CLM11 02/12/2011 219 914 Concrete 8.88 Windmill Use Bore Damaged 3.6 alluvium (Kettle Owners borelog - - - - Valeria coal project. Bore is not used and the windmill
Creek) is damaged, unlikely to be used in the future.
46 44473 se3654 | 7380078 | OL3PIAN 1 ogiai01q 273 127 Steel 55° 150 Jackpump | Notin Stock Tertary basalt DNRM database - - - - | odbore, notinuse.
PT373 gallons/hour use
Inferred from owners Bore used as required for stock watering of up to 100
Lot 1 Plan Stock and spra Tertiary basalt comments, bore cattle. Owner commented that bore screened across
47 Bore at Road 584393 7392258 19/04/2013 255 125 PVC 1998 35 Jet pump In use ind spray Y depth, and 28.1 8.03 786 481 'honeycomb' basalt. Nearby Creek with water in it.
PT117 rigs (vesicular) . ) . :
1:100,000 geology Field water quality readings taken from nearby storage
maps tank.
48 | 13020007 607251 | 7401603 | LOLISEPIEM - g/000003 191 150 Steel 1979° 9. Not equipped Groundwater Tertary clay DNRM database - - - - | DNRM groundwater monitoring bore.
DSN695 monitoring
A . Inferred from bore
Lot 1 Plan " " Windmill Not in Aldebaran X N )
49 57602 605902 7391555 DSN984 09/12/2011 193 152 Steel 1900 45 (broken) Use Bore Damaged 5.02 Sandstone (unit?) depth and 1:100,000 - - - - Windmill broken and no longer in use.
geology maps
Inferred from bore Windmilllin p!ace above bore but an electrical .
50 47217 GunClub | ca1765 | 7305658 | 8PN 1910412013 249 125 Steel 1975 | 137 400 Submersible |, g Stock ags | ety basal depth, 1:100,000 279 | 728 | 1580 975 | ofp o 300 ot i wetr usly reinge aken
Bore PT346 ’ gallons/hour pump ' (vesiclar) geology maps and ' ' P ’ g ty 9
A ‘ from nearby storage tank. Large vesicular basalt
field observations he
boulders visible around bore.
51 103504 se7ase | 73sesaz | ISP 6040013 141+ PVC* 2000* e 227 Ls* . Bore not | yikely to exist . . . . .| Could ot locate bore and owners were not aware of a
PT373 found bore at this location. Bore is unlikely to exist.

Notes: * data obtained from DNRM GWDB
ground elevation estimated from handheld GPS.

mbGL = metres below ground level
mAHD = metres above height datum
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6 GROUNDWATER LEVELS AND LOGGER INSTALLATIONS

Groundwater levels were measured from all monitoring bores during April 2013. Groundwater
levels measured within newly drilled monitoring bores are summarised in Table A-1, whilst levels
from existing bores are summarised in Table A-9 below.

Table A-9: GROUNDWATER LEVELS EXISTING BORES

. Static Water Level
Coordinates i ToC
Hole ID Geod?]?t'ca' Lithology | Elevation April 2013
mE mN (MAHD) (MbToC) (MAHD)
Aldebaran _Coarse
TAR016_CR 594956 7395372 grained pebbly 228.15 39.84 188.31
Sandstone
sandstone
Coarse
TAR040_ C | 600263 | 7396108 | Aldebaran | i ed pebbly | 23050 35.74 194.76
Sandstone
sandstone
Aldebaran Coarse
TARO053 595642 7395113 grained pebbly | 213.55 25.56 187.99
Sandstone
sandstone
TAR176_C | 595549 | 7400349 | Aldebaran | Finegrained | ;5 gq 11.92 192.06
Sandstone sandstone
TAR177_C 594586 7400197 Tertiary Fresh basalt 221.11 11.76 209.35
Coarse
TAR189 C | 598843 | 7398s1g | Aldebaran | i edpebbly | 236.76 44.77 191.99
Sandstone
sandstone
Aldebaran Coarse
TAR249 C 596635 7397000 grained pebbly 236.18 47.71 188.47
Sandstone
sandstone

Notes: Coordinates GDA94, Zone 55 (Handheld GPS)
ToC = Top of Casing (estimated from IMC, 2009)
MAHD = metres above height datum
mbToC = metres below top of casing

Solinst leveloggers were installed in all monitoring bores, and programmed to record groundwater
levels at six hourly intervals. In addition to the leveloggers, a barometric logger was also installed
at MB02_S. The water level hydrographs for the monitoring bores are presented in Sections 6.1.3,
6.2.3 and 6.3.3 in the main groundwater report.




Appendix A-1

BORE CONSTRUCTION LOGS - NEW BORES
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Australasian Groundwater & Environmental
Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

BOREHOLE LOG

page:1 of 1

MB01_B

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 6/2/2013 - 6/2/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services
DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 592503.7 mE
NORTHING: 7399983.3 mN
DATUM: GDA94 255

RL: 213.7 mAHD

TD: 43 mBGL

COMMENTS: No groundwater flows observed during drilling. Seepage entered bore after drilling.

Soil or Rock Field Material Description

Graphic
Log

Depth
(mBGL)

RL
(MAHD)

Bore Construction

Bore Description

SOIL: brown to black, sandy and silty, dry

CLAYEY SILT: yellow to brown to grey, very low strength, extremely

weathered, dry Li _L
[
o
o
et
o
ot
SILTY CLAY: brown, very low strength, extremely weathered, dry T
i
e ]
i
e ]
CLAYEY SILT: brown to grey, very low strength, extremely Libwpaa
weathered, dry e ]
i
e ]
i
e ]
o )
SILTY CLAY: green, very low strength, extremely weathered 24m to N mm 0]
26m, distinctly weathered 26m to 28m, dry e ]
WX
w W
o
SILT: green, very low strength, distinctly weathered, minor very fine K*’ﬂ*’
sand, dry w W
o
W "
o )
SILTY CLAY: green to brown, very low strength, distinctly N mm 0]
weathered to extremely weathered, minor very fine sand, dry

SAND: red, very fine grained, very low strength, extremely
weathered, minor clay, dry
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Protective lockable steel monument

PVC Stick up, 0.81m

169mm hammer bit, Om to 43m (air rotary)

Cement and bentonite grout mix (2.5%
mix), Om to 24.6m

50mm ID, uPVC, blank casing, +0.81m to
27.9m

Bentonite seal (1/4" pellets), 24.6m to
25.6m

SWL: 16-Feb-13: 28.23 mBGL

3-6mm washed, rounded, quartz gravel
pack, 25.6m to 35.5m

50mm ID, uPVC, machine slotted casing,
0.4mm aperture throughout, 1mm
handsawed slots every 0.5m, 27.9m to
33.9m, 3 x centralisers, end cap

Bentonite seal (1/4" pellets), 35.5m to 36m

Gravel backfill, 36m to 43m

Total Depth 43m

Bore Developed: 1 hr, EC: 2450 pS/cm;
pH: 8.26
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Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

BOREHOLE LOG page:1 of 3

MB02_C

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 10/2/2013 - 11/2/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 593996.9 mE
NORTHING: 7397592.4 mN
DATUM: GDA94 255

RL: 236.8 mAHD

TD: 103 mBGL

COMMENTS:

. Depth
Soil or Rock Field Material Description Gﬁi’; ‘ RL o Bore Construction Bore Description
(MAHD)
E Protective lockable steel monument
B30 PVC Stick up, 0.68m
SOIL: black, dry HE 1 254mm hammer bit, Om to 69m (air rotary)
1| 2355
] T2
g | 28 éi 4
= Cement and bentonite grout mix (2.5%
= mix), Om to 89.5m
L 229;18
227;110
225%112
1 180mm ID, uPVC Class 12, blank casing,
T I Om to 69m
S 223;714
a2 2116
219;118
217;120
Lo 215;122
L 213;124
e 211;126
1 209 2128
ey,
. 1 50mm ID, uPVC Class 18, blank casing,
_ I +0.68m to 92.2m
C. 205;732
o 203;134
SAND: brown to grey, very fine grained, extremely weathered to :‘_ 201 5136
distinctly weathered, silty and clayey, dry S Bl
| 199 2138




Australasian Groundwater & Environmental
Consultants Pty Ltd

BOREHOLE LOG page:2 of 3

g ON@“’V Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006 MB02 C
PROJECT No: G1588 DRILLING COMPANY: Gibson Drilling Services EASTING: 593996.9 mE
PROJECT NAME: Taroborah DRILLER: M. Gibson NORTHING: 7397592.4 mN
DATE DRILLED: 10/2/2013 - 11/2/2013 DRILLING METHOD: Rotary Air DATUM: GDA94 255
LOGGED BY: M. Cavanagh (IMC) DRILL RIG: Bourne 1250 RL: 236.8 mAHD
LICENCED DRILLER: M. Gibson TD: 103 mBGL
COMMENTS:
Depth
. . . i Graphic (mBGL) . c
Soil or Rock Field Material Description Log RL Bore Construction Bore Description
(MAHD)
1197 1-40
. 195%1 w
L 5 193%144
191 é:%
) ; \ 4 SWL: 11-Feb-13: 46.9 mBGL
R
o 187%:50
o 185%: 0
183 é: ”
RO I
L 179;58
R 171 g
: 175%162
o 173;64
Vo im
s 169;68
;70
1 V-notch @71m: 0.33 Lis
2772
1 169mm hammer bit, 69m to 103m (air
Entl rotary)
§:76
1 V-notch @76m: 2.56 L/s
;78
) _
SANDSTONE: yellow-brown, coarse grained, low strength, angular Ex V-notch @80m: 3.92 L/s
quartz clasts up to 10mm across, producing water from 71m 1
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Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

BOREHOLE LOG

page:3 of 3

MB02_C

PROJECT No: G1588
PROJECT NAME: Taroborah

DATE DRILLED: 10/2/2013 - 11/2/2013

LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 593996.9 mE
NORTHING: 7397592.4 mN
DATUM: GDA94 255

RL: 236.8 mAHD

TD: 103 mBGL

COMMENTS:

Soil or Rock Field Material Description

Depth
Graphic (mBGL)
Log RL.
(MAHD)

Bore Construction

Bore Description

SANDSTONE: yellow-brown, coarse grained, low strength, angular
quartz clasts up to 10mm across, producing water from 71m

COAL: B seam

143

SANDSTONE/SILTSTONE: interbedded sandstone and siltstone —

with carbonaceous laminae

o4
1419

ccecee [ ': c
1391 g Lo * O e

| POEL BT S Lot d
+ ..0.° 0"
R =)
eocese — .' o°. O,.
AT O
- ..". e X

e M .

133

131

129

\HH\\H\\HH\HH\HH\HH\HH\HH\HH\HH\HHM\H\HH\\H“HH\HHMH\\HH\HH\HH\HH\\\\\\\\\\\HH\HH\HH\HHMH
©
[s>)

127

V-notch @87m: 4.42 L/s

Bentonite seal (1/4" pellets), 89.5m to
91.7m

3-6mm washed, rounded, quartz gravel
pack, 91.7m to 95.2m
V-notch @93m: 4.42 L/s

50mm ID, uPVC Class 18, machine
slotted casing, 0.4mm aperture
throughout, 1mm handsawed slots every
0.5m, 92.2m to 95.2m, 2 x centralisers,
end cap

Bentonite seal (1/4" pellets), 95.2m to 97m

Gravel backfill, 97m to 103m

Total Depth 103m

Bore Developed: 5.5 hr, EC: 3180 uS/cm;
pH: 8.35
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BOREHOLE LOG page:1 of 4

MB02_S

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 9/2/2013 - 10/2/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 594017.2 mE
NORTHING: 7397580.4 mN
DATUM: GDA94 255

RL: 236.8 mAHD

TD: 154 mBGL

COMMENTS:

. Depth
Soil or Rock Field Material Description Gﬁi’; ‘ RL o Bore Construction Bore Description
(MAHD)
] Protective lockable steel monument
811 PVC Stick up, 0.87m
SOIL: brown, sandy and silty with dlay, dry Ef 254mm hammer bit, Om to 74m (air rotary)
2359
4-2
233 ; 4
1 Cement and bentonite grout mix (2.5%
B14 mix), Om to 80.8m
229 éis
SILTY CLAY: white to brown to grey, extremely weathered to o e ] 227 T 10
distinctly weathered, dry N -
LG -
# 425 4,
[ I 180mm ID, uPVC Class 12, blank casing,
wo--ud Omto 74m
5 mm ] 23 4,
P
2m 3] T
we e 21 45
mmmxd
el méiw
217 é; 2
SAND: brown, fine grained, distinctly weathered, dry I
215? »
CLAY: white to light grey, dry s
1-24
211 ; %
209 ; 2
SANDSTONE: white to brown, very fine to fine grained, clayey in Ef
places, distncty weathered. dy SR 50mm ID, uPVC Class 18, blank casing
=l +0.87m1089.35m ’
205 ? I
203 g: 34
T iy 5136
e T
o ) 4
. 1995 55
BT 4




Australasian Groundwater & Environmental
Consultants Pty Ltd

BOREHOLE LOG page:2 of 4

g N@“* Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006 MB02 S
PROJECT No: G1588 DRILLING COMPANY: Gibson Drilling Services EASTING: 594017.2 mE
PROJECT NAME: Taroborah DRILLER: M. Gibson NORTHING: 7397580.4 mN
DATE DRILLED: 9/2/2013 - 10/2/2013 DRILLING METHOD: Rotary Air DATUM: GDA94 255
LOGGED BY: M. Cavanagh (IMC) DRILL RIG: Bourne 1250 RL: 236.8 mAHD
LICENCED DRILLER: M. Gibson TD: 154 mBGL
COMMENTS:
Graphi (Dg‘gnb
Soil or Rock Field Material Description rffg ‘ RL Bore Construction Bore Description
— 1mAHD)57
'\-:-:--'\-:-: 197340
SILTY CLAY: reddish-brown to yellow-brown, some very fine sand, i =y
distinctly weathered, dry PE———
: 11957 45
o ) -
S =
e L Y
o ) 57
PR T
wm ] 191 g
En v
1 SWL: 10-Feb-13: 47.2 mBGL
1895 45
187,
185 éi 0
183 ; 5
181 éi 5
179 ; s
177 g: 60
175 éi 6
173 g,
171 éi 66
169 gg
167 éi 70
SANDSTONE: grey to brown, very fine to coarse grained at base, 1659 7
fresh from 60m, water from 75m =B
163 g: ”
161 7
1 169mm hammer bit, 74m to 154m (air
E= rotary)
159 ? 78
V157 4
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BOREHOLE LOG
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MB02_S

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 9/2/2013 - 10/2/2013
LOGGED BY: M. Cavanagh (IMC)

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 594017.2 mE
NORTHING: 7397580.4 mN
DATUM: GDA94 255

RL: 236.8 mAHD

LICENCED DRILLER: M. Gibson TD: 154 mBGL
COMMENTS:
Depth
. . . i Graphic (mBGL) . c
Soil or Rock Field Material Description Log RL Bore Construction Bore Description
)
=80
5 Bentonite seal (1/4" pellets), 80.8m to 83m
:84 ':V: '. '.:-':'-
L S R V-notch @84m: 1.06 L/s
B - _~' ;‘ o 3-6mm washed, rounded, quartz gravel
86 L s pack, 83m to 95.45m
g S
% S - |50mmID, uPVC Class 18, machine
- SN . slotted casing, 0.4mm aperture
- o o throughout, 1mm handsawed slots every
92 e “L]]0.5m, 89.35m to 95.35m, 3 x centralisers,
L S R end cap
:94 Do
9% Bentonite seal (1/4" pellets), 95.45m to
B 97m

COAL: Aseam

SANDSTONE: grey, coarse grained, low strength, fresh

COAL: B seam

120 108 +.on
i 2o
127140
1 7 o s
cecsee — ‘. 0"
125, L
e 0 000 ..
— B ‘O,
eccee I ..‘.
128 414
e e 000 = * .
1 .o.'
e e 000 B .i...
121 446 ..o
[ — 1 . ol
ceeee 1197 4
— —] I 0.
e e 000 — .. .
17 .- 0.
A I

L . O
100 ..
1 O..
| (S
i RN
— 104 fe.

i "0,
106 .

V-notch @97m: 6.99 L/s

V-notch @103m: 6.99 L/s

Gravel backfill, 97m to 154m
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MB02_S

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 9/2/2013 - 10/2/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services
DRILLER: M. Gibson

DRILLING METHOD: Rotary Air

DRILL RIG: Bourne 1250

COMMENTS:

EASTING: 59401

7.2 mE

NORTHING: 7397580.4 mN

DATUM: GDA9%4
RL: 236.8 mAHD
TD: 154 mBGL

Z55

. Depth
Soil or Rock Field Material Description Gﬁt’g““ L o Bore Construction Bore Description
(MAHD)
== TR
LR 4 -,"O‘-.
— |15 4y : s
— = 1 lgere
cssss - L) q
113 c ..
- ;124 Voo
ceeee it g S0’ 0.
? 6.-.'.'..'0,’.
SANDSTONE/SILTSTONE: grey, medium to high strength, fresh, cessee 109?428 .. . .'O.- L.
interbedded sandstone and siltstone, occaional carbonaceous — I .o el o
laminae, ceeee| T Lo "t O
1073130 el Q70
cocee 1 c L. . .O.’
PP N AR
— 5 m| eaet
Es ..0.* 0
S TR
:’ . . o .
ceccee 101:*135 .-'O:...
cesse Ej :o....:.o.'
AR B A O Y
cecse 1 c oot
PO, .
— | Ym0 [Tl Lt d
M O N A
A I R P
S S0, 0.
Ef (5 . . -". . ..
eeeeel 939 B .
4144 . ..*0
—_ 4 0Ll
91Ej O - o.
R §j146 ...: o* .'.
= T | el er
L Lo, 0" I
R I ARSI
= Lol
S SO
SANDSTONE: grey to brown, coarse grained, silicious, medium to Ef15° Ce e L.,
high strength, well cemented é, N O_' ,O .
851 y oot
:7152 ?’_'..-0‘.
= L 20. 00 |Total Depth 154m
: 83;:154 -
1 V-notch @154m: 6.99 L/s
1 Bore Developed: 45 mins, EC: 1395
81 156 pS/cm; pH 8.24
79 158
7731
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Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

BOREHOLE LOG page:1 of 4

MBO03_S

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 23/2/2013 - 4/3/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 599667 mE
NORTHING: 7399771.3 mN
DATUM: GDA94 255

RL: 230.5 mAHD

TD: 163 mBGL

COMMENTS:

. Depth
Soil or Rock Field Material Description Gﬁi’; ‘ RL o Bore Construction Bore Description
(MAHD)
231 é Protective lockable steel monument
O E ERS PVC Stick up, 0.78m
SOIL: black, dry. 229 éi 254mm hammer bit, Om to 62m (air rotary)
AR ElG
W " |
MO ER
w w2213
A 44
L =4
¥ X ER
ﬂ"'.,.,h 2257 Cement and bentonite grout mix (2.5%
x?;-.z 56 mix), Om to 70m
" 4
A st
B ER
w W —+
.K.?.?R.? =
213
B E EIT
g =
s 0=
R A9
EREE I R 180mm ID, UPVC Class 12, blank casing,
L ER Om to 62m
w w2173
S -—14
" a1
SILT: light brown to dark grey, low to very low strength, extremely o 215§j
weathered, dry A EI
¥ X =4
" =
N
B J-18
w W =+
R, S
2113+
e -2
g =
s 4
KR K209
S ER
W " —
- ER
w w2073
S 24
" a1
¥ X El
" |
s w2053
w 42
¥ X =4
o 4
P 208
B 428
w W =4
RN e
Ce 3 éfSO 50mm ID, uPVC Class 18, blank casing,
A, T +0.78m to 76m
L 199+
e T
SAND: white to pink to brown, fine to medium grained, very low ; B 107 Ej
strength, extremely weathered, clayey between 35m and 37m, dry el dem
e
36
S P
IR £
COAL: dull black, dry - ER
191+
T 340
- =
o I
HHH 89+
e T8
w E =
o =
SILT: dark grey, low strength, slightly weathered, dry ww | 187 -
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BOREHOLE LOG
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MBO03_S

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 23/2/2013 - 4/3/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 599667 mE
NORTHING: 7399771.3 mN
DATUM: GDA94 255

RL: 230.5 mAHD

TD: 163 mBGL

COMMENTS:

. Depth
Soil or Rock Field Material Description Gﬁi’; ‘ RL o Bore Construction Bore Description
(mAHD)
SILT: dark grey, low strength, slightly weathered, dry w ER.
'K".-"H\".-' En
s w185
w W =46
WM =4
w W 4
T
- 548
CAY E; v
[ 7 Y= SWL: 6-Mar-13: 49 mBGL
ceeee B
eeee e (179 éj
—_ — 5
=y
ceeee 154
SRR éj
—_— 356
— —m
cseee EFY
IR Y - éj
- 360
SANDSTONE/SILTSTONE: light grey to dark grey, interbedded fine | | 3_
grained sandstone and siltstone, low to medium strength, slightly eeeee 1697
weathered to fresh, occasional carbonaceous material, dry éf 62
I PV 169mm hammer bit, 62m to 163m (air
U R rotary)
cecse 165éj
— — 366
— 163 ;
R 468
seveel o éj
— — 3
159 Ef Bentonite seal (1/4" pellets), 70m to 74.5m
ceeee ERe)
SRR P
574
: 155§f L ::. 3-6mm washed, rounded, quartz gravel
Eng S R pack, 74.5m to 82m
SANDSTONE: dark grey, medium to coarse grained, low to medium 15 Ef _.' : o
strength, fresh, moist I o . )
= o A 50mm ID, uPVC Class 18, machine
= Sl RN slotted casing, 0.4mm aperture
= e RS throughout, 1mm handsawed slots every
En L s 0.5m, 76m to 82m, 3 x centralisers, end
_ _14g§— cap
ceeee 1P — Bentonite seal (1/4" pellets), 82m to 83m
el NN
— ER TSR
R ER * . ¢ .' .. q
1453 el o
ceeee 3-8 c -0 o
SRR PPl ‘.ot O
e S
R T S A
141 Xo)
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MBO03_S

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 23/2/2013 - 4/3/2013
LOGGED BY: M. Cavanagh (IMC)

DRILLING COMPANY: Gibson Drilling Services
DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 599667 mE
NORTHING: 7399771.3 mN
DATUM: GDA94 255

RL: 230.5 mAHD

LICENCED DRILLER: M. Gibson TD: 163 mBGL
COMMENTS:
Depth
. . . i Graphic (mBGL) . c
Soil or Rock Field Material Description Log RL Bore Construction Bore Description
(MAHD)
T-90 . AN
ceees| T el o
1395 "0, et V-notch @91m: 0.07 L/s
392 L.
® 0000 57 : .u O .
ceeee| 1379 Lo tlee
e R . qd
ceeee ER o o -
— —— 1353 .. e
ceees| % N
EN . 0.’
oo (1335 .
—_— — 398 . .
S 2| Rt
—
ceesce 3100 O'.-
El "0, el
eecee 129;7 '. '..
— F2| TS O.
ceces T (o c..
N R
Il A D o -
A PP SO0 Gravel backfill, 83m to 163m
Y S I A - P
PO PR o )
L 1 108 *. . * o.
oED tel ot
3110 'O, .t
— ER [ >
eee e 1991 . o .
112 lo fle.
cecsee EN . . q
— o .
LU ) 57114 . .
cecss 115§j '.o'.'
— — 16 A
— — T ° .G~
e e 000 113i7 . . *
118 c L cel
ceses| T e o, -
- m ©. .
120 . N
ceces = P o
SANDSTONE/SILTSTONE: light grey to dark grey, interbedded cesee 109§f vo fre e
sandstone and siltstone, high strength, fresh, occasional —_ — 122 L. . q
carbonaceous laminae, water from 91m ceseel Ve o .
107+ .. e
cecse J—124 S
— — T .. 0.’
ee e e 10557 .‘. .'.
T S I SO E
1037 ‘. L
ceo e 128 * . . o .
—. | el
TR i
F0| L .
R - ro o
eees| 9T R
132 : o -
I P
ceees| 134 O.
cscee gséj o °
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MBO03_S

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 23/2/2013 - 4/3/2013
LOGGED BY: M. Cavanagh (IMC)

DRILLER: M. Gibson

DRILL RIG: Bourne 1250

DRILLING METHOD: Rotary Air

DRILLING COMPANY: Gibson Drilling Services

EASTING: 599667 mE
NORTHING: 7399771.3 mN

DATUM: GDA9%4
RL: 230.5 mAHD

Z55

LICENCED DRILLER: M. Gibson TD: 163 mBGL
COMMENTS:
Depth
. . . i Graphic (mBGL) . c
Soil or Rock Field Material Description Log RL Bore Construction Bore Description
(MAHD)
7136 .0l
— S N S
cesee| s fO. et
U BV S B OO S
9= P, .0t
— = 3140 Lo . R
eccee E: N ° . * . g
89 ol 0
Ey
e S0l 0
e e 00 57144 ... ...
N ?. . .o
ceses| 85 L0, ..
L S-146 o e .
ceces El = o
= O L
83 « *° .
148 .’
El T 2
ceeee| g o "0 I
J-150 R q
ccecee E: .'.b..o"
— ]
cocee 152 o .. . S
— — T "e00. 00
LI R 77%7 lc. ...
T B e R RT-R
L ER L+ 0.
753 Lt .
ceces E I . o
=N O S
] e LA
1% R 2!
EN Lo . ce
= . * . q
ceeee | MM c . . . .
e — éj160 Lo " .O . .
e egéj .... ..' "
1 + 0,
R B N o.. . Total Depth 163m
67 V-notch @163m: 0.61 L/s
1164
eséj Bore Developed: 1.5 hrs, EC: 3130
ERlY pS/cm; pH: 7.95
o
1168
e
3170
50}
172
s
174
55
+-176
3
+-178
51 éj
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BOREHOLE LOG
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MB04_C

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 11/2/2013 - 12/2/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 593513.3 mE
NORTHING: 7399534.1 mN
DATUM: GDA94 255

RL: 234.9 mAHD

TD: 173 mBGL

COMMENTS:

. Depth
Soil or Rock Field Material Description Gﬁi’; ‘ RL o Bore Construction Bore Description
(MAHD)
é Protective lockable steel monument
235 ER PVC Stick up, 0.91m
SOIL: black, dry T 254mm hammer bit, Om to 73m (air
B2 rotary), foam used from 24m to 73m
2174
Ef Cement and bentonite grout mix (2.5%
2976 mix), Om to 115.5m
217 g
2510
: 2
CLAY: red to brown to grey, extremely weathered, dry ED 12 180mm ID, uPVC Class 12, blank casing,
ER Omto 73m
221 if 14
219 éz 16
217 éz 18
215§7 20
___ 213 2
SAND: yellow to brown, coarse grained, siliceous, extremely 3
weathered, dry —— = T
CLAY: light grey, extremely weathered, dry - — =l y
SAND: yellow to brown, medium grained, siliceous, extremely =
weathered, dry m—nd 1
i mm ] 209726
e 5] 4
e e 0] 207 §:28
m e e EN
N e e -+
¥ 4 205=-30 .
s = 50mm ID, uPVC Class 18, blank casing,
we—ng 3 +0.91mto 118.5m
e ] 203§f32
wl--xd I
L =Y
e 5] El
g 199%736
= | +
P
I §733
SANDY CLAY: yellow-brown to reddish-brown, extremely E 4T
weathered, dry i B
== N 195§740
m e ] En
R Rt
= == | é—
A T .
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Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006 MBO4 C

PROJECT No: G1588 DRILLING COMPANY: Gibson Drilling Services EASTING: 593513.3 mE
PROJECT NAME: Taroborah DRILLER: M. Gibson NORTHING: 7399534.1 mN
DATE DRILLED: 11/2/2013 - 12/2/2013 DRILLING METHOD: Rotary Air DATUM: GDA94 255
LOGGED BY: M. Cavanagh (IMC) DRILL RIG: Bourne 1250 RL: 234.9 mAHD
LICENCED DRILLER: M. Gibson TD: 173 mBGL

COMMENTS:

Depth
. . . i Graphic (mBGL) . c
Soil or Rock Field Material Description Log Bore Construction Bore Description

RL.
(MAHD)

A 4

IS
=

= =-=x— 191

SWL: 12-Feb-13: 44.24 mBGL

== N

“im m 5] 180

l
o
>

W ——
E E
|

==

R B
~
(=]

I
o
3

52

T
o
iy

GRAVEL: dark grey, sandstone and quartz clasts up to 20mm

56
across, dry

T
o
&

R A B
o
o

1
1)
R

64

1
@
S

SANDSTONE: grey, very fine grained, silty, dry
68

l
~
S

72

74

i 169mm hammer bit, 73m to 173m (air

rotary)

149

SILTSTONE: dark grey, low to medium strength, fresh, dry

147
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Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

BOREHOLE LOG page:3 of 4

MB04_C

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 11/2/2013 - 12/2/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services
DRILLER: M. Gibson

DRILLING METHOD: Rotary Air

DRILL RIG: Bourne 1250

EASTING: 593513.3 mE
NORTHING: 7399534.1 mN
DATUM: GDA94 255

RL: 234.9 mAHD

TD: 173 mBGL

COMMENTS:

. Depth
Soil or Rock Field Material Description Gﬁt’g““ L o Bore Construction Bore Description
(MAHD)
e
S PR
siabel LUE B
S, FE
B
;100
;102
ER V-notch @102m: 0.33 L/s
——104
;106
SANDSTONE: grey, fine to coarse grained, low to medium strength, éf 108
fresh, producing water from 102m 4
3 V-notch @109m: 0.46 L/s
110
R
=R
- Bentonite seal (1/4" pellets), 115.5m to
E P 117.5m
Ex 3-6mm washed, rounded, quartz gravel
;f _ _ pack, 117.5m to 120.5m
R I ] [V-noteh @118m: 1.25 Lis
1 L 50mm ID, uPVC Class 18, machine
COAL: B seam =120 R S slotted casing, 0.4mm aperture
4 throughout, 1mm handsawed slots every
ER N ———— 0.5m, 118.5m to 120.5m, 2 x centralisers,
ERL T IR end cap
= b0 " O e .
ER ct s L g Bentonite seal (1/4" pellets), 120.5m to
éfm L 'o: .o°. . 121.5m
1126 S0, o.°
T 0. s
——128 .0 ..
ER el o
130 O Lt
3 .., 9 tLe . Gravel backfill, 121.5m to 173m
=4 [ S
Tm| o, 0"l
E) I
Lot O
=1 et
EN o', 0.
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Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

BOREHOLE LOG

page:4 of 4

MB04_C

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 11/2/2013 - 12/2/2013
LOGGED BY: M. Cavanagh (IMC)

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson

DRILL RIG: Bourne 1250

DRILLING METHOD: Rotary Air

EASTING: 59351

3.3mE

NORTHING: 7399534.1 mN

DATUM: GDA9%4
RL: 234.9 mAHD

Z55

LICENCED DRILLER: M. Gibson TD: 173 mBGL
COMMENTS:
Depth
. . . i Graphic (mBGL) . c
Soil or Rock Field Material Description Log RL Bore Construction Bore Description
(MAHD)
;| 99136 A
ER O A o-
)+ L0, ..
} 973138 N
N fe ot o .
N "0, .
: 95§j140 . : : .b.. .
17 b L, c ..
9S4 L. - .9
=N Lot O
=
Ej -0, 0.
SANDSTONE/SILTSTONE: grey, medium strength, fresh, T .0l A
interbedded sandstone and siltstone, minor coal 157m to 158m : 3 e e e
| 87148 c. ) o .
N 3 'O. R
|| VeTen O
=4 ro L ", S
i L. - .9
| 833152 ol 0
811154 Jeo! o
= ol
: En . «O"
| 795156 ARSI,
EN S0 Venoteh @157m: 1.53 Ls
T1——158 g
ER R
53-160| ko " cet
T RS
T Lo. O
| 733162 ce 0
En Lol O
|16 S
I O ls-
T A R
69 =166 C LT e et
- Ce o .
27 -o. . .
ICERC Pl .b.. :
En ro L ", cet
6ol L. Lo o9
El Lot O
| 63172
ES .o0". O, V-notch @172m: 2.56 L/s
1 Total Depth 173m
61——174
Ef Bore Developed: 45 mins, EC: 2760
595176 pS/cm; pH: 8.39
57;178
55; 186
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PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 12/2/2013 - 13/2/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 593492.8 mE
NORTHING: 7399536.9 mN
DATUM: GDA94 255

RL: 235 mAHD

TD: 130 mBGL

COMMENTS:

. Depth
Soil or Rock Field Material Description Gﬁi’; ‘ RL o Bore Construction Bore Description
(MAHD)
2367 .
E Protective lockable steel monument
ER PVC Stick up, 0.93m
SOIL: black, dry R 254mm hammer bit, Om to 73m (air
§j2 rotary), foam used from 27m to 73m
RS
4
20 . .
S Cement and bentonite grout mix (2.5%
ER mix), Om to 97m
283
+s
261~
+10
24—+
CLAY: red to brown to grey, extremely weathered, dry ER 12 180mm ID, uPVC Class 12, blank casing,
222 gj Omto 73m
1
20+
16
21871~
+18
261~
—+2
2143
SAND: yellow to brown, coarse grained, siliceous, extremely ER 2
weathered, dry e VAV o
CLAY: light grey, extremely weathered, dry ——=1 qyu
SAND: yellow to brown, medium grained, siliceous, extremely . =
weathered, dry promppprsn ALY EN
PP
x: -— x: 208 é,
“:_ o “:_ ;: 28
R P
= | EE 3
P 0 50mm ID, uPVC Class 18, blank casing,
P L +0.93m to 100m
PRI R
m e ] 2025
e -m ;: 34
BTTTR 200 ER
EEER 3
E: B —4—36
= | -+
¥ 198
= | BN
.
SANDY CLAY: yellow-brown to reddish-brown, extremely E 1 106 El
weathered, dry e =
HomsEm 340
i ! 1
o =
y | T
LR =
. 11925
M | 4
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BOREHOLE LOG page:2 of 3

MB04_S

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 12/2/2013 - 13/2/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services EASTING: 593492.8 mE

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

NORTHING: 7399536.9 mN
DATUM: GDA94 255

RL: 235 mAHD

TD: 130 mBGL

COMMENTS:

Soil or Rock Field Material Description

Depth
Graphic (mBGL)

Log RL.
(MAHD)

Bore Construction Bore Description

== N

©
S

== N

== N

==

=
-3

B E
== N

==

=
>

©
r

GRAVEL: dark grey, sandstone and quartz clasts up to 20mm

across, dry

o
N

=
S

QJ
©

J
=

SANDSTONE: grey, very fine grained, silty, carbonaceous laminae,

dry

60

N -
N N

3
o

=
=3

=3
R

=)
R

SWL: 14-Feb-13:48 mBGL

=
S

@
&

@
>

a
&

82

~ o a1
=) S o

=
>

>
&
H\\HH\HH\HHM\\\\HH\HH\HH\HHMH\\\\H\\\\\\\\\\\\\\\\\\\\\\\\\\HH\HH\HH\HH\H\\\HH\HH}HH\HHMH\\HH\HH\HH\HH\HH\\\\\\HH\HH\HH\HH\H\\\HH\HH\HH\HH\HH\HH\HH\HH\HH

169mm hammer bit, 73m to 130m (air
rotary)
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BOREHOLE LOG page:3 of 3

MB04_S

PROJECT No: G1588
PROJECT NAME: Taroborah

DATE DRILLED: 12/2/2013 - 13/2/2013

LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 593492.8 mE
NORTHING: 7399536.9 mN
DATUM: GDA94 255

RL: 235 mAHD

TD: 130 mBGL

COMMENTS:

Soil or Rock Field Material Description

Depth
Graphic (mBGL)
Log

Bl
B
s
2

Bore Construction

Bore Description

SANDSTONE: grey, fine to coarse grained, low to medium strength,

damp from 96m, water from 102m

—92

L B
©
S

[
©
>

98

COAL: B seam

SANDSTONE: creamy-brown, coarse grained, moderately
cemented, occasional siltstone and carbonaceous laminae

- ro L,
H1o| |70 O0
—112
L o,
L .. ‘O:
114 L.
N 0.’
116 e
- ¥e) . '.
118 T

16 . .0
1120 C
22 ot
B . 0"
124 c. s
| -0,
126 Ve
| ro L,
| e,
L e X
130

104+
132

102+
134

Bentonite seal (1/4" pellets), 97m to 99m

3-6mm washed, rounded, quartz gravel
pack, 99m to 106m

50mm ID, uPVC Class 18, machine
slotted casing, 0.4mm aperture
throughout, 1mm handsawed slots every
0.5m, 100m to106m, 3 x centralisers, end
cap

Bentonite seal (1/4" pellets), 106m to
107m

V-notch @109m: 0.38 L/s

V-notch @113m: 0.8 L/s

V-notch @117m: 1.01 L/s

Gravel backfill, 107m to 130m

Total Depth 130m
V-notch @130m: 1.01 L/s

Bore Developed: 1 hr, EC: 2570 pS/cm;
pH: 8.34
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MB05_C

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 7/3/2013 - 8/3/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 598859.3 mE
NORTHING: 7398819.2 mN
DATUM: GDA94 255

RL: 237.4 mAHD

TD: 151 mBGL

COMMENTS:

. Depth
Soil or Rock Field Material Description Gﬁi’; ‘ RL o Bore Construction Bore Description
(MAHD)
2387 Protective lockable steel monument
+0 PVC Stick up, 0.96m
SOIL: brown, dry 236 254mm hammer bit, Om to 68m (air rotary)
12
EPER
Ex
- o Cement and bentonite grout mix (2.5%
: 36 mix), Om to 138m
REER
=
s 28
10
1226 éj
ERG 180mm ID, UPVC Class 12, blank casing,
- I Om to 68m
.| 2243
Enll
SR ER
1 -1
: I EN
18
. 218;j
1 3
AEEN
2722
. 214éj
: 3-24
SAND: brown to white to yellow, interbedded sands, silts and clays, . 2122: %
extremely weathered, dry =i
210
3-28
208?
Eny 50mm ID, uPVC Class 18, blank casing,
. + +0.96m to 141m
| 206
Ex
' 0
334
RESEED
) I-3%
“laod
’ 338




Australasian Groundwater & Environmental
Consultants Pty Ltd

BOREHOLE LOG page:2 of 4

g ON@“’V Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006 MBO5 C
PROJECT No: G1588 DRILLING COMPANY: Gibson Drilling Services EASTING: 598859.3 mE
PROJECT NAME: Taroborah DRILLER: M. Gibson NORTHING: 7398819.2 mN
DATE DRILLED: 7/3/2013 - 8/3/2013 DRILLING METHOD: Rotary Air DATUM: GDA94 255
LOGGED BY: M. Cavanagh (IMC) DRILL RIG: Bourne 1250 RL: 237.4 mAHD
LICENCED DRILLER: M. Gibson TD: 151 mBGL
COMMENTS:
Depth
. . . i Graphic (mBGL) . c
Soil or Rock Field Material Description Log RL Bore Construction Bore Description
(MAHD)
1983
T4
c -. :. 196 ;j
J-4
ERE X SWL: 13-Mar-13: 43.6 mBGL
e 4
346
S ER
S
;50
;52
SANDSTONE: moderately cemented, extremely weathered, dry =
;54
;56
;58
GRAVELLY CLAY: red, extremely weathered, gravel clasts up to =T 78 Ef
5cm across 1 1o
e
[———] &
IRRRREE=N
cooee 164
ceseelmnd
T 3-66
ST
— 368
— e
il =R
e
R F-72
SANDSTONE/SILTSTONE: medium grey, interbedded sandstone ~ — — "5 y
and siltstone, medium strength, fresh, dry seeee =i
N ER
T 169mm hammer bit, 68m to 151m (air
N 3 rotary)
LR ) 160 N
[ 2*78
— — s8]
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Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

BOREHOLE LOG page:3 of 4

MB05_C

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 7/3/2013 - 8/3/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 598859.3 mE
NORTHING: 7398819.2 mN
DATUM: GDA94 255

RL: 237.4 mAHD

TD: 151 mBGL

COMMENTS:

. Depth
Soil or Rock Field Material Description Gﬁi’; ‘ RL o Bore Construction Bore Description
(MAHD)
TS T
._. el
ceese| JB2
cesenfind
- -84
p uo o 1% 4
386
(@) =)
o o 1
o O |50
SANDY GRAVEL: grey, gravel with coarse quartz sands, clayey, P oo o 8
distinctly weathered, dry P o 4
o |18
o o 90
b © EN
y O O
o En
LAY 144 éj
ceees| TH
ce e e 142 éj
— Epl
PR EN
Ent
— =18
LR ) 57100
R P
R = L
ceeeeliyd
I 3104
YN EER
SANDSTONE/SILTSTONE: interbedded fine to medium sandstone | —— | 1%
and siltstone, fresh, producing water from about 103m ceece 1
1303
rec 3108
P PP V-notch @109m: 0.07 L/s
ceees EgL
EREES P
LR ) 57112
eoeee (124 éj
— 27114
I
L 116
1203
es e 2*118
LR ) 118;j
ceees| T2
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BOREHOLE LOG page:4 of 4

MB05_C

PROJECT No: G1588
PROJECT NAME: Taroborah

DATE DRILLED: 7/3/2013 - 8/3/2013

LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 598859.3 mE
NORTHING: 7398819.2 mN
DATUM: GDA94 255

RL: 237.4 mAHD

TD: 151 mBGL

COMMENTS:

Soil or Rock Field Material Description

Graphic (mBGL)
Log RL.
(MAHD)

Bore Construction

Bore Description

CLAY: creamy

SILTSTONE: dark grey, clayey, medium strength, fresh, thin band of ="="—="-

very hard gravels at 124m

CLAYEY GRAVEL: well weathered, clasts approximately 5mm to

10mm across

SANDSTONE: creamy to brown, low strength, moderately

cemented, fresh, water

COAL: A seam

SANDSTONE: light grey, medium grained, medium strength, fresh

COAL: B seam

84

82

80

L L e e L L O e I (R O A
S

78

Bentonite seal (1/4" pellets), 138m to
140m

V-notch @139m: 1.25 L/s

3-6mm washed, rounded, quartz gravel
pack, 140m to 144m

50mm ID, uPVC Class 18, machine
slotted casing, 0.4mm aperture
throughout, 1mm handsawed slots every
0.5m, 141m to 144m, 2 x centralisers,
end cap

Bentonite seal (1/4" pellets), 144m to
145m

V-notch @145m: 1.25 L/s

Gravel backfill, 145m to 151m

Total Depth 151m

V-notch @151m: 1.84 L/s

Bore Developed: 1.25 hrs, EC: 1570
pS/cm; pH: 8.37
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BOREHOLE LOG

page:1 of 1

MB06_B

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 3/2/2013 - 3/2/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services
DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 592470.6 mE
NORTHING: 7394530.3 mN
DATUM: GDA94 255

RL: 221.1 mAHD

TD: 40 mBGL

COMMENTS: No groundwater flows observed during drilling.

Graphic

Depth
(mBGL)

Soil or Rock Field Material Description Log RL Bore Construction Bore Description
(MAHD)
223 ]
é Protective lockable steel monument
T 21570 PVC Stick up, 0.99m
éi 169mm hammer bit, 0m to 40m (air rotary)
SOIL: black to brown, very low strength, dry HH IR
SAND: brown to yellow, coarse grained, quartz dominant, extremely o] 217§f4
weathered, dry w-—-xd L Cement and bentonite grout mix (2.5%
e mm | 215576 mix), Om to 16.5m
sl
e 913 3-8
e e ] ;
“:" “'. 211 éi10 .
AT F 50mm ID, uPVC, blank casing, +0.99m to
= 19.4m
M N =
o 420912
M N T
'\-:-..- - E—
SILTY CLAY: brown to yellow to grey, very low strengh, extremely I (/=
weathered (tuff?), dry N =
e = m ] 2057416 .
- ' Bentonite seal (1/4" pellets), 16.5m to
A B — _ 17.5m
M=t 903 518 .
“-_" e I S N 3-6mm washed, rounded, quartz gravel
,{_.'__,{_ 201 éizo ',: B - pack, 17.5m to 26m
= e El e
AU B Sl e 50mm ID, uPVC, machine slotted casing,
199 522 R co 0.4mm aperture throughout, 1mm
it I PR handsawed slots every 0.5m, 19.4m to
L e L S 25.4m, 3 x centralisers, end cap
B= =197 2% S
_—i_—_ é:
= ES o=
ST 1195526 ; . ; "
LR B q — Bentonite seal (1/4" pellets), 26m to 26.5m
Eiintiis N o
i R R Fo .0, R
e = oo
CLAYEY SILT: grey to black, very low to low strength, distinctly : i_,_- 1915730 Ut e
weathered to slightly weathered at base, dry s - -4 I+ . 0" ‘o
it DER
L e B %2 Sy Gravel backfil, 26.5m to 40m
Lt = "o
Elbati T2 N
r=-xy I R < M
ezl T O
— i 185536 e QT
F==xaq T e O
— = =4 .' . '. . .
ikt B e 0" ..
e 163 38 ERRRE q
CARBONACEOQUS SILTSTONE: grey to black, low strength, slightly —@E&&msd 7 .
weathered, dry o e <O
L Total Depth 40m
17 éf“ No water observed during drilling,
= measured dry, 7th Feb 13
s
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BOREHOLE LOG

page:1 of 1

MBO07_B

PROJECT No: G1588
PROJECT NAME: Taroborah

DATE DRILLED: 23/1/2013 - 23/1/2013

LOGGED BY: C. Vincent (AGE)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services
DRILLER: M. Gibson

DRILLING METHOD: Rotary Air

DRILL RIG: Bourne 1250

EASTING: 592064.5 mE
NORTHING: 7393041.1 mN
DATUM: GDA94 255

RL: 233.1 mAHD

TD: 31.2 mBGL

COMMENTS: No groundwater flows observed during drilling.

Soil or Rock Field Material Description Log

Depth
Graphic (mBGL) .
Bore Construction

RL
(MAHD)

Bore Description

234

SOIL: black, sandy, soft, dry

L

CLAY: brown, sandy and silty, very low strength, extremely

weathered, dry

SILTSTONE: grey, low to medium strength, slightly weathered to

fresh near base, laminated, dry

SANDSTONE: grey, fine to medium grained, medium strength,

fresh, dry

20
=N 1
b K
I = P
T B
“II| | e S
P - :
R R
EE E 204~ :
T 30 :_.'_.' ]
- .
L
200
3

198

Protective lockable steel monument
PVC Stick up, 0.81m

191mm hammer bit, 0m to 31.2m (air
rotary)

Cement and bentonite grout mix (2.5%
mix), Om to 25m

50mm ID, uPVC, blank casing, +0.81m to
27.5m

Bentonite seal (1/4" pellets), 25m to 26m

3-6mm washed, rounded, quartz gravel
pack, 26m to 30.6m

50mm ID, uPVC, machine slotted casing,
0.4mm aperture throughout, 1mm
handsawed slots every 0.5m, 27.5m to
30.6m, 2 x centralisers, end cap

Bentonite seal (1/4" pellets), 30.6m to
31.2m

Total Depth 31.2m

No water observed during drilling,
measured dry, 7th Feb 13




Australasian Groundwater & Environmental
Consultants Pty Ltd

BOREHOLE LOG page:1 of 2

U e Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006 MBOS_B
PROJECT No: G1588 DRILLING COMPANY: Gibson Drilling Services EASTING: 594667.9 mE
PROJECT NAME: Taroborah DRILLER: M. Gibson NORTHING: 7390096.2 mN
DATE DRILLED: 4/2/2013 - 4/2/2013 DRILLING METHOD: Rotary Air DATUM: GDA94 255
LOGGED BY: M. Cavanagh (IMC) DRILL RIG: Bourne 1250 RL: 242.6 mAHD
LICENCED DRILLER: M. Gibson TD: 60 mBGL
COMMENTS:
Depth
. . . i Graphic (mBGL) . c
Soil or Rock Field Material Description Log RL Bore Construction Bore Description
(MAHD)
] Protective lockable steel monument
G I PVC Stick up, 0.52m
SOIL: brown to black, very low strength, sandy, dry 241 ; 169mm hammer bit, Om to 60m (air rotary)
-T2
239 ;
T4
1 Cement and bentonite grout mix (2.5%
27 276 mix), Om to 35m
235 ;
-8
233 ;
-—10
231 ;
-—12
229 ;
-—14
227 ;
16
o5+
-—18
223 ;
T 50mm ID, uPVC, blank casing, +0.52m to
4 40m
219
T—22
SILTY CLAY: brown to yellow with occasional red horizons, very low 219;
strengh, extremely weathered limestone fragments up to 10mm 124
across, damp at base -
217;
-T—26
215;
El v SWL: 7-Feb-13: 28,52 mBGL
213;
30
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Australasian Groundwater & Environmental
Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

BOREHOLE LOG page:2 of 2

MB08_B

PROJECT No: G1588

PROJECT NAME: Taroborah

DATE DRILLED: 4/2/2013 - 4/2/2013
LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services
DRILLER: M. Gibson

DRILLING METHOD: Rotary Air

DRILL RIG: Bourne 1250

EASTING: 594667.9 mE
NORTHING: 7390096.2 mN
DATUM: GDA94 255

RL: 242.6 mAHD

TD: 60 mBGL

COMMENTS:

. Depth
Soil or Rock Field Material Description Gﬁi’g“ ‘ L o Bore Construction Bore Description
(mAHD)
" 211
EEEER -T—32
'\-:-.'--'\-:-. 57
——]
o 4209
et B S’
PIR—— Ef
B
NS P o Bentonite seal (1/4" pellets), 35m to36 m
y J —-—36 — s
PIR—— 4 i .
mmm 50 T a
i em ] 2051 o )
N I o -7t |3-6mmwashed, rounded, quartz gravel
P o pack, 36m to 46.5m
wmem e 203 o e
e +40 R S
e T I
o ] 1 U DA 50mm ID, uPVC, machine slotted casing,
. 0 I - .~ 1 |0.4mm aperture throughout, 1mm
T - e T handsawed slots every 0.5m, 40m to
R 4 SR 46m, 3 x centralisers, end cap
PIR—— 7 R
- 199 R
il I 7 S
PIR—— =4 o R —
R
. * ¢ ] AL o
o | L — Bentonite seal (1/4" pellets), 46.5m to 47m
o e
L 'o. 448 '?..o. © e d
o e
oL~ = U7, ot e+ 4 |Gravel backfill, 47m to 54.5m
...0.193i* ..'. FEECIEI
IR A ".0. 0L
KU I S I L
c . 4 ettt L0
SANDY GRAVEL: brown to yellow, very low strength, slightly ™, R
weathered, silty in places, limestone fragments up to 20cm across N '. . 1 L PRI
decreasing with depth, quartz and calcite increasing with depth, ro. . b ER O <0, o, -
damp o et AT
..o 18 1 E fot
L 'o J E: “ Bentonite seal (1/4" pellets), 54.5m to 55m
.. .« * 157:7 9 .' . '. .- .
P | L [N} .
.O. .O-. Ej56 .O. : . . d
A oo
c. . 3 A Gravel backfill, 55m to 60m
ot 1B AR
. . d 5*58 . O. O-..
I 0. %" "1 Total Depth 60m
°. " Yt <ot P
1% No water observed during drilling, slow
H4 seepage observed overnight
181
T Bore Developed: 3.5 hr, EC: 1434 pS/cm;
EN pH: 8.47
1794
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Australasian Groundwater & Environmental
Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

BOREHOLE LOG

page:1 of 1

MBO09_T

PROJECT No: G1588
PROJECT NAME: Taroborah

DATE DRILLED: 5/2/2013 - 6/2/2013

LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 593575.2 mE
NORTHING: 7401713.7 mN
DATUM: GDA94 255

RL: 201.6 mAHD

TD: 43 mBGL

COMMENTS:

. Depth
Soil or Rock Field Material Description Gﬁi’g“ ‘ L o Bore Construction Bore Description
(MAHD)
2033
3 Protective lockable steel monument
HHHH 30 PVC Stick up, 0.44m
HHHH IR=n
SOIL: black, silty, moist é:z 169mm hammer bit, Om to 43m (air rotary)
HHHH IR
i R
-
o T v
wmamasany 195 SWL: 7-Feb-13: 6.5 mBGL
P [
[ETETET] 193%:
— =S 50mm ID, uPVC, blank casing, +0.44m to
eI 5710 24m
s L
SANDY SILT: yellow to brown to red, low strength, extremely = El
weathered to slightly weathered at base, occasional gravel S I-12 Cement and bentonite grout mix (2.5%
fragments up to 20mm across, moist at base L mix), Om to 20.4m 9 or
— ER
e
s B S
Sedmgutey 1857
s I
amamamany 1837
s R B
sms=a=a=g 181 é:
S El Bentonite seal (1/4" pellets), 20.4m to 22m
3-22 — -
3 A I
El AN o ; 3-6mm washed, rounded, quartz gravel
T4 U S pack, 22m to 32m
7 Y e R
ER L ol 50mm ID, uPVC, machine slotted casing,
=% Do - 0.4mm aperture throughout, 1mm
SAND: brown to yellow to grey, fine grained between 19.5m and 17 + L R handsawed slotg every 0.5m, 24m to
28m, medium to coarse grained between 28m and 32m, clayey 4 % U S 30m, 3 x centralisers, end cap
between 32m and 33m, very low strength, slightly weathered, 1733 I e V-notch @28m: 1.01 Lis
making water from approx. 27m En - e s
3-30 U —
A=
El oo [Venoteh @31m:3.92Lis
432 - -
169 Ei _ Bentonite seal (1/4" pellets), 32m to 33m
27 34 i * . .O * .. . .a
73 IR
ERY .o .°._ . .
165F e . Gravel backfill, 33m to 43m
T S0l 0.
SANDSTONE: light grey, low strength, slightly weathered, minor 163 S e
clay, wet El AR X
340 R CONRP
14 ot o Total Depth 43m
ED O V-notch @43m: 3.92 Lis
1595 RN
EN Bore Developed: 2.5 hr, EC: 917 uS/cm;
157§j44 pH: 8.21




> @
O s e

Australasian Groundwater & Environmental
Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

BOREHOLE LOG

page:1 of 1

MB10_T

PROJECT No: G1588
PROJECT NAME: Taroborah

DATE DRILLED: 5/2/2013 - 5/2/2013

LOGGED BY: M. Cavanagh (IMC)
LICENCED DRILLER: M. Gibson

DRILLING COMPANY: Gibson Drilling Services

DRILLER: M. Gibson
DRILLING METHOD: Rotary Air
DRILL RIG: Bourne 1250

EASTING: 600019.6 mE
NORTHING: 7402656.4 mN
DATUM: GDA94 255

RL: 193.4 mAHD

TD: 30 mBGL

COMMENTS:

Depth

Soil or Rock Field Material Description Gﬁi’g“ ° L o Bore Construction Bore Description
(MAHD)
194 é Protective lockable steel monument
e 30 PVC Stick up, 0.81m
192 169mm hammer bit, Om to 30m (air rotary)
SOIL: brown to black, very low strength, sandy and silty, dry HHAE 2
HHHHIEEN
G| 14
— 188 Cement and bentonite grout mix (2.5%
B +6 mix), Om to 9.4m
iy 186§j 50mm ID, uPVC, blank casing, +0.81m to
—— J-8 12.7m
e Y SWL: 7-Feb-13: 8.73 mBGL
SANDY SILT: brown to greenish-brown, very low strength, fresh, smazamang 1847 ) .
occasional gravel fragments up to 20mm across, dry egeg= +10 I13§n5ton|te seal (1/4" pellets), 9.4m to
Ex ~m
TV R
s S 3 I S N
e = o S 3-6mm washed, rounded, quartz gravel
wmmmmoned 180 1 s o pack, 10.5m to 18.7m
s I . L
:\:J: . ER 50mm ID, uPVC, machine slotted casing,
] . P oo =% T 0.4mm aperture throughout, 1mm
GRAVEL: green, coarse sand and silty matrix, fresh, dry D o ? = handsawed slots every 0.5m, 12.7m to
smemmmand o T - R 18.7m, 3 x centralisers, end cap
ml 1e| B
gt T “ Bentonite seal (1/4" pellets), 18.5m to
[ETETET 17427 — N 19.5m
s S o N ST
S I b0, O Lt
I LT e T d
anammmany 172 . .
s Il B A
SANDY SILT: greenish-brown to grey at base, very low strength, gt 170 éf S0 . O Gravel backfill, 19.5m to 30m
fresh, occasional gravel, clayey between 22m and 23.5m, dry e ;24 . < L.
TETELET e c.)_ . '.' . o' .
=Py oLl
(ELELEL] 168 = o ,. . *
FETETET 426 fel 0O .
ama=E=n -+ O, Tt e
[ETTT T 4 . [e ) .
p— T oo
EmmmEEn 128 I C e .' :
— =l 0.0 .- .c Total Depth 30m
——— 164§j 5. O
éj ® No water flow observed during drilling,
1 slow seepage observed overnight
162 —
=l 2 Bore Developed: 6 hrs, EC: 1679 pS/cm;
1 pH: 7.92
160 -
+-34
1585

w
P
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Appendix A-2

GROUNDWATER QUALITY RESULTS & LABORATORY CERTIFICATES




AIN OF CUSTODY

ALS Laboratory: please tick

O Sydney: 277 Woodpark Rd, Smithfield NSW 2176
Fh: 02 8784 8555 Eisamples.sydney@alsenvira.com
0 Hewcastle: 5 Rosegum Rd, Warabrook NSW 2304
Ph.02 4968 9433 E:samples hewcastle@alsenviro com

[} Brisbane: 32 Shand St. Stafford QLD 4053

Ph:07 3243 7222 E:samples hrishane@alsenviro.com
[0 Townsville: 14-15 Desma Ct, Bohle QLD 4818
Ph:07 4796 0600 E: trwnsullz envirermental@alsensiro com

0O Melbourne: 2-4 Wesiall Rd. Springvale VIC 3171
Ph:03 8549 9600 E: samples.melbourns@alsenvira.com
[1 Adelaide: 2-1 Burma Rd. Pooraka SA 5095

Ph- 08 8359 0890 E:adelaide@alsenviro.com

3 Perth: 10 Hod Way, Malaga WA 6090

Ph: 08 9209 7655 E: samples perth@alsenviro.com

(1 Launceston: 27 Wellington St, Launceston TAS 7250
Ph: 03 6331 2158 E: launceston@alsenviro.com

> {
CLIENT: IMC TURNAROUND REQUIREMENTS : d Standard TAT (List due date):
OFFICE: - {»D '\'5\0(7\«3 f;?"ﬂ;:: ?:;emgyr/g:zilzsgar for some tests [0 Non Standard or urgent TAT (List due date):
PROJECT: G1588 Taroborah ALS QUOTE NO.: BN - 735-11 V2 BQ COC SEQUENCE NUMBER  (Circle)
ORDER NUMBER: coc: 2 3 4 5 6 7

PROJECT MANAGER: James Tomlin CONTACT PH: 07 32572055 OF; 1 2 3 4 5 6 7 [Othe
SAMPLER: M\. Q'\,\(» ,’\ Cerv m‘q\lg SAMPLER MOBILE: O Le‘%.":‘. 6} %‘601 RELINQUISHED BY: , RECEIVED BY: RELINQUISHED BY:
COC emailed to ALS?( YES / NO) ~ EDD FORMAT (or default): M\“C\’\Dtef\ CAUCAOQ\A “Toll NQX

Eq\aﬂ Reportg to (will default to EM if no other addresses are listed): DATE/TIME: DATE/TIME: DATE/TIME:
mike@imcmining.com.au and claire.stephenson@ageconsultants.com.au

Email Invoice to (will default to PM if no other addresses are listed): Al ( 1( (3 1920 Q}( 9\/( (] &30

DATE/TIME:

LAEATCRCES

“

COMMENTS/SPECIAL HANDLING/STORAGE OR DISPOSAL:

SAMPLE DETAILS
MATRIX: Solid{S) Water(W)

CONTAINER INFORMATION

ANALYSIS REQUIRED including SUITES (NB. Suite Codes must be listed to attract suite price)

Where Metals are required, specify Total (unfittered bottle required) or Dissotved (field filtered bottle required).

Additional Information

" Comments on likely contaminant levels,
- 3 s dilutions, or samples requiring specific QC
o 3 - 2 -3 z analysis etc.
£ » 3 T g = z
@=FQ ' 2 O ry) ¥
588 @ |2 § | 8g& | B
5085 e |2 % | 28 | 8§
TYPE & PRESERVATIVE TOTAL zsYUEE o @S =u -3
3 O~ Y 3
LAB ID SAMPLE ID DATE / TIME MATRIX (refer to codas below) BOTTLES 3 :E.g < % . % 2 I"'” g g g g
B vz |8 9¢ 55 | 25
S8 g .EL B4 2 &N » Ea
XZ2ZQ L-5:] = Y o Sse
Ustgs | 58 |o_g8% 24 | CE
S3SEE | &5 |o3g%| 89 | B3
ZOo4LZa dn |2r-ZZ| BF Z -
M@03._B  |2tfiaf 1300 P 3 | v J 1J [ J

L

Environmental Division
Brisbane -

Work Order

EB1304803

MR

Telephone : +61-7-3243 7222

\ l \ \

\

Water Container Codes: P = Unpreserved Plastic; N = Nitric Preserved Plastic; ORC = Nitric Preserved ORC; SH = Sodium Hydroxide/Cd Preserved; S = Sodium Hydroxide Preserved Plastic; AG = Amber Glass Unpreserved; AP - Ai
V = VOA Vial HCI Preserved; VB = VOA Vial Sodium Bisulphate Preserved; VS = VOA Vial Sulfuric Preserved; AV = Airfreight Unpreserved Vial SG = Sulfuric Preserved Amber Glass, H = HCI preserved Plastic; HS = HCI preserved Speciation bottle; SP = Sulfuric Preserved Plastic; F = Formaldehyde Preserved Glass;

Z = Zinc Acetate Preserved Bottle; E = EDTA Proserved Bottles; ST = Sterile Bottle; ASS = Plastic Bag for Acid Sulphate Soils; B = Unpreserved Bag.

irfreight Unpreserved Plastic




ALS)Group

Environmental Division

CERTIFICATE OF ANALYSIS

Work Order : EB1304803

Client : AUST GROUNDWATER & ENVIRO CONSULTANTS

Contact : MR JAMES TOMLIN

Address - LEVEL 2, 15 MALLON STREET
BOWEN HILLS QLD, AUSTRALIA 4006

E-mail : james.tomlin@ageconsultants.com.au

Telephone 1 +61 32572055

Facsimile - +61 07 32572088

Project : G1588 Taroborah

Order number T m——

C-O-C number D m—

Sampler : Michael Cavanagh

Site D m—

Quote number : BN/735/11 V2

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for

release.

This Certificate of Analysis contains the following information:
® General Comments
® Analytical Results

Page

Laboratory

Contact
Address

E-mail
Telephone
Facsimile
QC Level

Date Samples Received
Issue Date

No. of samples received
No. of samples analysed

:10f5

: Environmental Division Brisbane
: Customer Services
: 2 Byth Street Stafford QLD Australia 4053

: Brisbane.Enviro.Services@alsglobal.com

1 +617 3243 7222

1 +617 3243 7218

: NEPM 1999 Schedule B(3) and ALS QCS3 requirement

: 26-FEB-2013
: 06-MAR-2013

1
1

2 Byth Street Stafford QLD Australia 4053

AIGHT sowuTIionNs

+61-7-3243 7222 | Facsimile +61-7-3243 7218

Environmental Division Brisbane 84 009 936 029 Part of the ALS Group An ALS Limited Compan
www.alsglobal.com



Page
Work Order
Client
Project

:20f5
- EB1304803

: AUST GROUNDWATER & ENVIRO CONSULTANTS

- G1588 Taroborah

General Comments

The analytical procedures used by the Environmental

Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM.

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component has been assumed by the laboratory for processing purposes.

Key : CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.
LOR = Limit of reporting
A = This result is computed from individual analyte detections at or above the level of reporting

® EAO016: Calculated TDS is determined from Electrical conductivity using a conversion factor of 0.65.

® ltis recognised that EG020T (Total Metals) is less than EG020F (Dissolved Metals) for some samples. However, the difference is within experimental variation of the methods.

NATA

WORLD RECOGNISED
ACCREDITATION

NATA Accredited Laboratory 825

Accredited for compliance with
ISO/IEC 17025.

Signatories
This document has been electronically signed by the authorized signatories
compliance with procedures specified in 21 CFR Part 11.

Signatories Position

Andrew Epps Metals Production Chemist
Jonathon Angell Inorganic Coordinator
Stephen Hislop Senior Inorganic Chemist

indicated below. Electronic signing has been carried out

Accreditation Category

Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics

Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics

In house

in




Page : 30of5

Work Order - EB1304803

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS
Project - G1588 Taroborah

Analytical Results

Client sample ID

Sub-Matrix: WATER (Matrix: WATER)

Client sampling date / time

MB08_B

21-FEB-2013 13:00

Compound CAS Number

EAO010P: Conductivity by PC Titrator
| Electrical Conductivity @ 25°C —

EB1304803-001

| 1450

EA016: Non Marine - Estimated TDS Salinity
| Total Dissolved Solids (Calc.) -

1

. mglL

| 942

EA025: Suspended Solids E

| Suspended Solids (SS) —

5

. mglL

| 313

EDO037P: Alkalinity by PC Titrator

Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 — — —
Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L 17 J— — —
Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 559 — — —
Total Alkalinity as CaCO3 — 1 mg/L 576 — —- —-

EDO041G: Sulfate (Turbidimetric) as SO4 2- by DA

| Sulfate as S04 - Turbidimetric 14808798 1 | mglL | 45 |
| Chloride 16887-006 1 | mglL | 129 |
EDO093F: Dissolved Major Cations
Calcium 7440-70-2 1 mg/L 30
Magnesium 7439-95-4 1 mg/L 81 - -—- -—-- -—--
Sodium 7440-23-5 1 mg/L 193 - - -
Potassium 7440-09-7 1 mg/L 2 - - - -
Aluminium 7429-90-5 0.01 mg/L <0.01 -—- - - -
Antimony 7440-36-0 | 0.001 mg/L <0.001 -—- - - -
Arsenic 7440-38-2 = 0.001 mg/L <0.001 - - - -
Barium 7440-39-3  0.001 mg/L 0.117 - - - -
Beryllium 7440-41-7 = 0.001 mg/L <0.001 - - - -
Cadmium 7440-43-9 = 0.0001 mg/L <0.0001 - - - -
Cobalt 7440-48-4  0.001 mg/L <0.001 - - -
Chromium 7440-47-3 = 0.001 mg/L <0.001 - - - -
Copper 7440-50-8 = 0.001 mg/L 0.002 - - -
Manganese 7439-96-5  0.001 mg/L 0.006 - - -—- -—-
Nickel 7440-02-0 . 0.001 mg/L 0.001 - - -
Lead 7439-92-1 0.001 mg/L <0.001 ——- —— ——
Vanadium 7440-62-2 0.01 mg/L 0.01 - - -
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Work Order - EB1304803

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS

Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID MB08_B

Client sampling date / time

21-FEB-2013 13:00

Compound

EGO020F: Dissolved Metals by ICP-MS - Continued

CAS Number

Unit

EB1304803-001

Zinc 7440-66-6 | 0.005 mg/L <0.005
Molybdenum 7439-98-7 | 0.001 mg/L 0.010
Selenium 7782-49-2 0.01 mg/L <0.01 - —- —
Uranium 7440-61-1 0.001 mg/L 0.013 — — —
Boron 7440-42-8 0.05 mg/L 0.12
EGO020T: Total Metals by ICP-MS

Aluminium 7429-90-5 0.01 mg/L 2.59 — — —
Antimony 7440-36-0 | 0.001 mg/L <0.001 —— —- —-
Arsenic 7440-38-2  0.001 mg/L <0.001 — — —
Barium 7440-39-3 | 0.001 mg/L 0.144 —— —- —-
Beryllium 7440-41-7 | 0.001 mg/L <0.001 — — —-
Cadmium 7440-43-9 | 0.0001 mg/L <0.0001 — — —
Cobalt 7440-48-4 = 0.001 mg/L 0.001
Chromium 7440-47-3 | 0.001 mg/L 0.002
Copper 7440-50-8 ©  0.001 mg/L 0.002
Manganese 7439-96-5 | 0.001 mg/L 0.029 — — —-
Nickel 7440-02-0 = 0.001 mg/L 0.003 — —— —
Lead 7439-92-1 | 0.001 mg/L 0.002
Vanadium 7440-62-2 0.01 mg/L <0.01 — — —-
Zinc 7440-66-6 = 0.005 mg/L 0.020
Molybdenum 7439-98-7 | 0.001 mg/L 0.007
Selenium 7782-49-2 0.01 mg/L <0.01 J— — —
Uranium 7440-61-1 | 0.001 mg/L 0.015 —— —— —
Boron 7440-42-8 0.05 mg/L 0.10

EGO035F: Dissolved Mercury by FIMS
| Mercury

7439-97-6 = 0.0001 |

mg/L

<0.0001

EGO035T: Total Recoverable Mercury by FIMS :

| Mercury

7439-97-6 | 0.0001 |

mg/L

<0.0001

EKO059G: Nitrite plus Nitrate as N (NOx) by Discrete Analyser

| Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

| Total Kjeldahl Nitrogen as N

EKO062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser
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Work Order - EB1304803

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS

Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID MB08_B

Client sampling date / time 21-FEB-2013 13:00 -—-

Unit EB1304803-001 —

Compound CAS Number

EKO062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser - Continued

" Total Nitrogen as N — 01 | mgL | 0.2 | — — —
EKO067G: Total Phosphorus as P by Discrete Analyser .

| Total Phosphorus as P — 001 | mgL | 0.17 | — — —
ENO055: lonic Balance B
Total Anions — 0.01 meq/L 16.1 J— —- —
Total Cations - 0.01 meq/L 16.6 — - -

lonic Balance —- 0.01 % 1.57 —-




CHAIN OF CUSTODY

ALS Laboratory: please tick -

1 Sydney: 277 Woodpark Rd, Smithfield NSW 2176
Ph: 02 8784 8555 E:samiples.sydney{@alsenvito.com
[1 Newcastle: 5 Rosegum Rd, Warabrook NSW 2304
Ph:02 4968 9433 E:satmples newcastle@alsenviro.com

[ Brisbane: 32 Shand St, Stafford QLD 4053

Ph:07 3243 7222 E:samples.brisbane@alsenviro.com
[1 Townsville: 14-15 Desma Ct, Bohle QLD 4818
Ph:07 4796 0600 E: townswille. environm entald@aisensivo.com

1 Meibourne: 2-4 Westall Rd. Spring
Ph:03 8549 9600 E: samples.melbourn
1 Adelaide: 2-1 Burma Rd. Pooraka SA 5005
Ph 08 8359 0890 E:adelade@alsenvito.com

O Perth: 10 Hod Way, Malaga WA 6090
Ph: 08 9209 7655 E: samples.perih@alsenviro.com

O Launceston: 27 Waellington St, Launceston TAS 7250

Ph: 03 6331 2188 - faunceston@alsenviro.com

|
; CLIENT: IMC TURNAROUND REQUIREMENTS : G/Standard TAT (List due date):
i OFFICE:’ g“‘s\go/\e A(k& A DOKUL’, To s fassa"g;: ;::Lemgé;;:sr;ger forsometests [ Non Standard or urgent TAT (List due date):
i [PROJECT: G1588 Taroborah ALS QUOTE NO.: BN - 735-11 V2 COC SEQUENCE NUMBER (Circle)
| ORDER NUMBER: | M\ (. \{‘/\\\A\V\g\ G-«‘OV\\Q (3\.\ Lk d coc: 1 2 3 4 5 & 7
‘ PRQJECT MANAGER: James Tomiin ~ N N = CONTACT PH: 07 32572055 OF: 1 2 3 4 5 6 7
; SAMPLER: M . CCNVO’VKA\& SAMPLER MOBILE: RELINQUISHED BY:* " \’ RECEIVED BY: RELINQUISHED BY: RECEIVED BY:
% COC emalled to ALS? ( YES 0) y EDD FORMAT (or default): ‘/\/\ - AT .ﬂf M£ " M. - ﬂM
} Emait Reports to (will default tog-;i-f?o other addresses are listed): DATEmME-CaJ QL\ DATE/TIME: m DATE/TIME: S DATé/T IME:
i Lnike@imcmining.com.au and claire.stephenson@ageconsultants.com.au N . ) ) )
Emall Invoice to (will defauit to PMif no other addresses are listed): A“V\’\D/"\O\é @ WM CVA A M | CooA OO \{ {3( 1 % l$5_(.> /I - g “ /3 /é 00 . /2/(5 ?' s

COMMENTS/SPECIAL HANDLIN&TORAGE OR DISPOSAL:

SAMPLE DETAILS ANALYSIS REQUIRED including SUITES (NB. Suite Codes must be listed to attract suite price)

MATRIX: Solld(S) Water(W) CONTAINER INFORMATION

Additional Information
Where Metals are required, specify Total (unfiltered bottle required) or Dissolved (field filtered bottle required).

n Comments on likely contaminant levels,
. I3 6 dilutions, or samples requiring specific QC
?) 3 % ] = z analysis etc.
o £ 3 3 z
@=FQ . o © 03 X
59 a8 @ 3 8 Sy !
5088 e e 9 23 g .
TYPE & PRESERVATIVE TOTAL S E P 2 S -]
LAB D SAMPLE ID DATE /TiME MATRIX (refer to codes below) BOTTLES| B E &< 2_ |8 ::— 5 £ 2 g [
| S g a2 (2 O] == z2
| § “‘“::"—E [ B 3 g @ G : 8 8
| 82822 | 22 |2 | 3§ | °2
: DE g8 ] 8+ 20 [
=R 3 ] T =M % - - =
| EF3f | 85 2§gE 4 | B3
i zOodZzEa o, |2PLZ| A< zZrE
\ U MBVO A Walhi2 10|V | P /<P [ S
| .
L
LIMBoT_T |[Walzisw|w [P ]S P k| v ez

Environmental Division
L/L Brishane

Work Order

EB1306227

[

ephone : +61-7-3243 7222

Water Contalner Codes: P = Unpreserved Plastic; N = Nitric Preserved Plastic; ORC = Nitric Preserved ORC; SH = Sodium Hydroxide/Cd Preserved; S = Sodium Hydroxide Preserved Plastic; AG = Amber Glase Unpreserved; AP - Airfreight Unpreserved Plastic
V' = VOA Vial HCI Preserved;. VB = VOA Vial Sodium Bisulphate Preserved; VS = VOA Vial Sulfuric Preserved; AV = Airfreight Unpreserved Vial $G = Sulfuric Preserved Amber Glass; H = HCI preserved Plastic; HS = HC! preserved Speciation bottle; SP = Sulfuric Preserved Plastic; F = Formaldehyde Preserved Glass;
Z = Zinc Acetate Preserved Bottle; E = EDTA Preserved Botties; ST = Sterile Bottle; ASS = Plastic Bag for Acid Sulphate Soils; B = Unpreserved Bag.
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CERTIFICATE OF ANALYSIS

Work Order EB1306227 Page 10f5
Client : IMC MINING SOLUTIONS Laboratory : Environmental Division Brisbane
Contact : MR MIKE CAVANAGH Contact : Customer Services
Address : GPO BOX 2579 Address : 2 Byth Street Stafford QLD Australia 4053
BRISBANE QLD, AUSTRALIA 4000
E-mail : mike@imcmining.com.au E-mail : Brisbane.Enviro.Services@alsglobal.com
Telephone . +61 07 3226 9100 Telephone 1 +617 3243 7222
Facsimile - +61 07 3226 9101 Facsimile . +617 32437218
Project : G1588 Taroborah QC Level : NEPM 1999 Schedule B(3) and ALS QCS3 requirement
Order number [
C-O-C number [p— Date Samples Received - 12-MAR-2013
Sampler : M.Cavanagh Issue Date - 19-MAR-2013
Site 5 m—
No. of samples received -2
Quote number fpe— No. of samples analysed -2

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for
release.
This Certificate of Analysis contains the following information:

® General Comments

® Analytical Results

NATA Accredited Laboratory 825 Signatories
i d This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been
NATA Accredited for compliance with carried out in compliance with procedures specified in 21 CFR Part 11.
iy - ISO/IEC 17025. Signatories Position Accreditation Category
h y Andrew Epps Metals Production Chemist Brisbane Inorganics
N Andrew Epps Metals Production Chemist Brisbane Inorganics
WORLD RECOGNISED . . . .
ACCREDITATION Andrew Epps Metals Production Chemist Brisbane Inorganics
Andrew Epps Metals Production Chemist Brisbane Inorganics
Eric Chau Metals Team Leader Melbourne Inorganics
2 Byth Street Stafford QLD Australia 4053 +61-7-3243 7222 = Facsimile +61-7-3243 7218

Environmental Division Brisbane 84 009 936 029 Part of the ALS Group An ALS Limited Compan
www.alsglobal.com

AIGHT sowuTIionNs
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Work Order - EB1306227
Client - IMC MINING SOLUTIONS -
Project - G1588 Taroborah ALS

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house
developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component has been assumed by the laboratory for processing purposes.

Key : CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

A = This result is computed from individual analyte detections at or above the level of reporting
EA016: Calculated TDS is determined from Electrical conductivity using a conversion factor of 0.65.
EGO020F&T: Filtered and total Molybdenum results for EB1306227-001 have been confirmed by re-preparation and re-analysis.
EGO035F:EB1306227#2 positive mercury results have been confirmed by repreparation and reanalysis.

EGO035T:EB1306227#1 positive result for mercury has been confirmed by repreparation and reanalysis.
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Work Order - EB1306227

Client - IMC MINING SOLUTIONS
Project - G1588 Taroborah
Analytical Results

Sub-Matrix: WATER (Matrix: WATER)

Client sample ID MB10_T MB09_T —- I —-

Client sampling date / time 11-MAR-2013 11:30 11-MAR-2013 15:00 - - -

Compound
EAO005P: pH by PC Titrator

| pH Value

CAS Number

Unit

pH Unit

EB1306227-001

8.36

EB1306227-002

8.33

EA006: Sodium Adsorption Ratio (SAR)

| Sodium Adsorption Ratio

6.32

3.74

EAO010P: Conductivity by PC Titrator
| Electrical Conductivity @ 25°C

1560

931

EA016: Non Marine - Estimated TDS Salinity

| Total Dissolved Solids (Calc.) — 10 | mglL 1010 | 605
EA025: Suspended Solids -
| Suspended Solids (SS) — 5 | mgl 54400 | 390

EA065: Total Hardness as CaCO3 3

| Total Hardness as CaCO3

1

mg/L

| 326 | 204

EDO037P: Alkalinity by PC Titrator

Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 — — —
Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L 16 5 — — —
Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 454 225 — — —
Total Alkalinity as CaCO3 — 1 mg/L 470 231 -— — —
EDO040F: Dissolved Major Anions
| Sulfate as SO4 2- 14808-79-8 - omgl | 84 | 37
EDO045G: Chloride Discrete analyser i
| Chloride 16887-00-6 | mgll | 191 | 134
EDO093F: Dissolved Major Cations ;
Calcium 7440-70-2 1 43 34
Magnesium 7439-95-4 1 mg/L 53 29
Sodium 7440-23-5 1 mg/L 262 123 — —
Potassium 7440-09-7 1 mg/L 3 2
EGO020F: Dissolved Metals by ICP-MS i
Aluminium 7429-90-5 0.01 mg/L <0.01 <0.01 — —
Antimony 7440-36-0 | 0.001 mg/L 0.002 <0.001 J— —
Arsenic 7440-38-2 | 0.001 mg/L 0.013 0.001
Barium 7440-39-3 | 0.001 mg/L 0.087 0.018 ——- —-
Beryllium 7440-41-7 | 0.001 mg/L <0.001 <0.001
Cadmium 7440-43-9 | 0.0001 mg/L <0.0001 <0.0001
Cobalt 7440-48-4  0.001 mg/L 0.003 0.001
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Work Order - EB1306227

Client - IMC MINING SOLUTIONS
Project - G1588 Taroborah
Analytical Results

Sub-Matrix: WATER (Matrix: WATER)

Client sample ID

Client sampling date / time

MB10_T

MBO09_T

11-MAR-2013 11:30

11-MAR-2013 15:00

Compound

CAS Number
EGO020F: Dissolved Metals by ICP-MS - Continued

Unit

EB1306227-001

EB1306227-002

Chromium 7440-47-3 | 0.001 mg/L <0.001 <0.001
Copper 7440-50-8 | 0.001 mg/L <0.001 <0.001
Manganese 7439-96-5  0.001 mg/L 0.031 0.073
Nickel 7440-02-0 = 0.001 mg/L 0.002 <0.001 ——- —
Lead 7439-92-1 | 0.001 mg/L <0.001 <0.001 —- —-
Vanadium 7440-62-2 0.01 mg/L 0.02 <0.01 — —
Zinc 7440-66-6 | 0.005 mg/L <0.005 <0.005
Molybdenum 7439-98-7 | 0.001 mg/L 0.039 <0.001 — —-
Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 — —
Uranium 7440-61-1 ©  0.001 mg/L 0.007 <0.001
Boron 7440-42-8 | 0.05 mg/L 0.09 0.06
Aluminium 7429-90-5 0.01 mg/L 116 1.07 — —
Antimony 7440-36-0 | 0.001 mg/L <0.010 <0.001 - —
Arsenic 7440-38-2 0.001 mg/L 0.115 0.003
Barium 7440-39-3 0.001 mg/L 212 0.030
Beryllium 7440-41-7 | 0.001 mg/L <0.010 <0.001 —— —
Cadmium 7440-43-9 | 0.0001 mg/L 0.0012 <0.0001
Cobalt 7440-48-4  0.001 mg/L 0.154 0.003
Chromium 7440-47-3 | 0.001 mg/L 0.264 0.006
Copper 7440-50-8 | 0.001 mg/L 0.266 0.004
Manganese 7439-96-5 0.001 mg/L 13.4 0.088
Nickel 7440-02-0 | 0.001 mg/L 0.081 0.003
Lead 7439-92-1 | 0.001 mg/L 0.213 0.002
Vanadium 7440-62-2 0.01 mg/L 0.38 0.02
Zinc 7440-66-6 | 0.005 mg/L 0.459 0.022
Molybdenum 7439-98-7 | 0.001 mg/L <0.010 <0.001
Selenium 7782-49-2 0.01 mg/L <0.10 <0.01
Uranium 7440-61-1 | 0.001 mg/L 0.152 <0.001
Boron 7440-42-8 | 0.05 mg/L 0.54 0.06

EGO035F: Dissolved Mercury by FIMS ]

7439-97-6  0.0001 |

| Mercury

mg/L

<0.0001

EGO035T: Total Recoverable Mercury by FIMS

0.0001
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Work Order - EB1306227

Client - IMC MINING SOLUTIONS
Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID MB10_T MBO09_T

Client sampling date / time 11-MAR-2013 11:30 11-MAR-2013 15:00

Compound CAS Number

Unit EB1306227-001 EB1306227-002

EGO035T: Total Recoverable Mercury by FIMS - Continued

| Mercury 7439-97-6 00001 | mglL | 0.0008 | <0.0001

EG051G: Ferrous Iron by Discrete Analyser

| Ferrous Iron — 0.05 ‘ mg/L I <0.05 | <0.05

EGO051GUF: Ferrous Iron by Discrete Analyser - Unfiltered

| Ferrous Iron — 0.05 ‘ mg/L I <0.05 | <0.05

EKO040P: Fluoride by PC Titrator

| Fluoride 16984-488 01 | mgL | <0.4 | 0.2

EK055G: Ammonia as N by Discrete Analyser

| Ammonia as N 7664-41-7 ‘ 0.01 ‘ mg/L I 0.05 | 0.10 ---- - -
EKO057G: Nitrite as N by Discrete Analyser |

| Nitrite as N 001 | mgL | <0.01 | <0.01
EKO058G: Nitrate as N by Discrete Analyser

| Nitrate as N 14797-55-8 001 | mgL | 0.02 | 0.02

EKO059G: Nitrite plus Nitrate as N (NOx) by Discrete Analyser

| Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

| Total Kjeldahl Nitrogen as N — | 01 1.7 | <0.1 — — —
EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

! Total Nitrogen as N —| 01 | mgL | 1.7 | <0.1 — -
EK067G: Total Phosphorus as P by Discrete Analyser .

| Total Phosphorus as P —| 001 |  mgl | 415 | 0.06 — —
EKO071G: Reactive Phosphorus as P by discrete analyser .

| Reactive Phosphorus as P —| 001 | mgL | 0.04 | <0.01 — —

ENO055: lonic Balance

Total Anions J— 0.01 meq/L 16.5 9.17

Total Cations — 0.01 meq/L 18.0 9.48

lonic Balance — 0.01 % 4.18 1.69
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Telephone : +61-7-3243 7222

 Water Container Codes: Uneserved Plastic; N = Nitric Preserved Plastic; ORC = Nitric Preserved ORC; SH = Sodium HydmxidelCdPrasrved; S = Sodium Hydroxide Preserved Plastic; AG = Amber Glass Unpreserved; AP - Airfreight Unpreserved Plastic
'V = VOA Vial HCI Preserved; VB = VOA Vial Sodium Bisulphate Preserved; VS = VOA Vial Sulfuric Preserved; AV = Airfreight Unpreserved Vial SG = Sulfuric Preserved Amber Glass; H = HC preserved Plastic; HS = HCI preserved Speciation bottle; SP = Sulfuric Preserved Plastic; F = Formaldehyde Preserved Glass;
Z = Zinc Acetate Preserved Bottle; E = EDTA Preserved Bottles; ST = Sterile Bottls; ASS = Plastic Bag for Acid Sulphate Soils; B = Unpreserved Bag.
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This report supersedes any previous report(s) with this reference.

release.

CERTIFICATE OF ANALYSIS

*EB1306286

: IMC MINING SOLUTIONS
: MR DAVE THOMAS
: GPO BOX 2579

BRISBANE QLD, AUSTRALIA 4000

: dthomas@imcmining.com.au
. +61 07 3226 9100

- +61 07 3226 9101

: G1588 Taroborah

: IMC Brisbane

: M. Cavanagh (IMC)

This Certificate of Analysis contains the following information:

® General Comments
® Analytical Results

Page

Laboratory

Contact
Address

E-mail
Telephone
Facsimile
QC Level

Date Samples Received
Issue Date

No. of samples received
No. of samples analysed

:10f5

: Environmental Division Brisbane
: Customer Services
: 2 Byth Street Stafford QLD Australia 4053

: Brisbane.Enviro.Services@alsglobal.com

1 +617 3243 7222

1 +617 3243 7218

: NEPM 1999 Schedule B(3) and ALS QCS3 requirement

: 13-MAR-2013
: 20-MAR-2013

-4
-4

Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for

2 Byth Street Stafford QLD Australia 4053
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+61-7-3243 7222 | Facsimile +61-7-3243 7218

Environmental Division Brisbane 84 009 936 029 Part of the ALS Group An ALS Limited Compan
www.alsglobal.com
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Work Order . EB1306286

Client . IMC MINING SOLUTIONS

Project - G1588 Taroborah ALS
General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.
Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.
When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component has been assumed by the laboratory for processing purposes.

Key : CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.
LOR = Limit of reporting
A = This result is computed from individual analyte detections at or above the level of reporting

® EAO016: Calculated TDS is determined from Electrical conductivity using a conversion factor of 0.65.
® EGO020F (Dissolved Metals) were found to be higher than EG020T (Total Metals) for EB1306286-001 (MB01_B). This was confirmed by re-digestion and re-analysis.
® EKO040P (Fluoride): LOR's have been raised for sample EB1306286-001 (MB01_B) due to matrix interference.
® Itis recognised that EG020T (Total Metals) is less than EG020F (Dissolved Metals) for some samples. However, the difference is within experimental variation of the methods.
NATA Accredited Laboratory 825 Signatories
y 4 A This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been carried out in
NATA Accredited for compliance with compliance with procedures specified in 21 CFR Part 11.
ISO/IEC 17025. Signatories Position Accreditation Category
y Andrew Epps Metals Production Chemist Brisbane Inorganics
’ Brisbane Inorganics
WORLD RECOGNISED Brisbane Inorganics
ACCREDITATION Brisbane Inorganics
Kim McCabe Senior Inorganic Chemist Brisbane Inorganics
Stephen Hislop Senior Inorganic Chemist Brisbane Inorganics

Brisbane Inorganics
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Work Order - EB1306286

Client . IMC MINING SOLUTIONS

Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID MB01_B MB02_S MB04_C MB04_S

Client sampling date / time 12-MAR-2013 08:50 12-MAR-2013 14:00 12-MAR-2013 10:45 12-MAR-2013 12:00 -

Compound CAS Number LOR Unit EB1306286-001 EB1306286-002 EB1306286-003 EB1306286-004 -
EAO005P: pH by PC Titrator

| pH Value — 001 | pHUnit | 8.35 | 8.16 | 8.24 | 8.20 |
EA006: Sodium Adsorption Ratio (SAR) ]

| Sodium Adsorption Ratio — 0.01 ‘ - | 4.30 | 2.70 | 6.32 | 8.98 | -
EAO010P: Conductivity by PC Titrator ]

| Electrical Conductivity @ 25°C 1 wSlm | 2170 | 1370 | 2630 | 2440 |

| Total Dissolved Solids (Calc.) — 10 mgL | 1410 | 890 | 1710 | 1590 |
EA025: Suspended Solids ]

| Suspended Solids (SS) 5 | mgL | 49700 | 126 | 3470 | 163 |
EA065: Total Hardness as CaCO3 )

| Total Hardness as CaCO3 — 1 mgL | 674 | 446 | 583 | 385 |
EDO037P: Alkalinity by PC Titrator ]

Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 <1 <1 -——-

Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L 15 <1 <1 <1 —

Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 398 472 245 376 -

Total Alkalinity as CaCO3 1 mg/L 413 472 245 376

EDO040F: Dissolved Major Anions
| Sulfate as S04 2- 14808-79-8

EDO045G: Chloride Discrete analyser
| Chloride 16887-00-6 |

EDO093F: Dissolved Major Cations

131 | 36 | 185 | 156 |

428 | 154 | 594 | 488 |

Calcium 7440-70-2 1 59 60 77 57 -
Magnesium 7439-95-4 1 mg/L 128 72 95 59 -
Sodium 7440-23-5 1 mg/L 257 131 351 405 -
Potassium 7440-09-7 1 mg/L 10 5 18 44 -
Aluminium 7429-90-5 0.01 mg/L <0.01 <0.01 <0.01 0.05 -
Antimony 7440-36-0 . 0.001 mg/L <0.001 <0.001 <0.001 <0.001 -—--
Arsenic 7440-38-2 | 0.001 mg/L 0.002 0.004 <0.001 0.003 -—--
Barium 7440-39-3 | 0.001 mg/L 0.091 0.047 0.082 0.163 -
Beryllium 7440-41-7 . 0.001 mg/L <0.001 <0.001 <0.001 <0.001 -
Cadmium 7440-43-9 | 0.0001 mg/L <0.0001 <0.0001 <0.0001 <0.0001 -

Cobalt 7440-48-4 | 0.001 mg/L 0.009 <0.001 <0.001 <0.001 -
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Work Order - EB1306286

Client - IMC MINING SOLUTIONS
Project - G1588 Taroborah
Analytical Results

Sub-Matrix: WATER (Matrix: WATER)

Client sample ID

Client sampling date / time

MBO01_B

MB02_S

MB04_C

MB04_S

12-MAR-2013 08:50

12-MAR-2013 14:00

12-MAR-2013 10:45

12-MAR-2013 12:00

Compound

EGO020F: Dissolved Metals by ICP-MS - Continued

CAS Number

Unit

EB1306286-001

EB1306286-002

EB1306286-003

EB1306286-004

<0.001

Chromium 7440-47-3  0.001 mg/L <0.001 <0.001 <0.001 -
Copper 7440-50-8 | 0.001 mg/L 0.002 <0.001 <0.001 <0.001 —
Manganese 7439-96-5 | 0.001 mg/L 0.076 0.008 0.016 0.010 -
Nickel 7440-02-0 = 0.001 mg/L 0.009 <0.001 0.001 <0.001 -
Lead 7439-92-1 0.001 mg/L <0.001 <0.001 <0.001 <0.001 -
Vanadium 7440-62-2 0.01 mg/L <0.01 <0.01 <0.01 <0.01 -
Zinc 7440-66-6 = 0.005 mg/L 0.012 <0.005 <0.005 0.005 -
Molybdenum 7439-98-7  0.001 mg/L 0.034 0.009 0.007 0.003 -
Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 <0.01 <0.01 —
Uranium 7440-61-1 | 0.001 mg/L 0.005 0.008 0.005 <0.001 ——
Boron 7440-42-8 0.05 mg/L 0.07 0.09 0.14 0.08 -
Aluminium 7429-90-5 0.01 mg/L 183 0.50 17.4 46.7 ——
Antimony 7440-36-0 | 0.001 mg/L <0.001 <0.001 <0.001 <0.001 -
Arsenic 7440-38-2 0.001 mg/L 0.022 0.002 0.004 0.010 -
Barium 7440-39-3  0.001 mg/L 1.49 0.176 0.237 0.446 -
Beryllium 7440-41-7 = 0.001 mg/L 0.016 <0.001 0.004 0.012 -
Cadmium 7440-43-9 | 0.0001 mg/L 0.0061 <0.0001 0.0002 0.0004 -
Cobalt 7440-48-4 | 0.001 mg/L 0.354 <0.001 0.003 0.006 -
Chromium 7440-47-3  0.001 mg/L 0.238 <0.001 0.004 0.004 -
Copper 7440-50-8 | 0.001 mg/L 0.645 0.001 0.013 0.022
Manganese 7439-96-5 | 0.001 mg/L 45.9 0.020 0.274 0.727 -
Nickel 7440-02-0 | 0.001 mg/L 0.798 0.002 0.009 0.009 -
Lead 7439-92-1 0.001 mg/L 0.234 0.001 0.026 0.074 -
Vanadium 7440-62-2 0.01 mg/L 0.41 <0.01 0.01 0.02 -
Zinc 7440-66-6 = 0.005 mg/L 1.38 0.009 0.074 0.069 -
Molybdenum 7439-98-7 | 0.001 mg/L 0.004 0.003 0.006 0.007 -
Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 <0.01 <0.01 -
Uranium 7440-61-1 0.001 mg/L 0.045 <0.001 0.011 0.027 -
Boron 7440-42-8 0.05 mg/L 0.05 0.06 0.13 0.12 -
| Mercury 7439-97-6 00001 | mglL | <0.0001 | <0.0001 <0.0001 <0.0001

EGO035T: Total Recoverable Mercury by FIMS
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Work Order - EB1306286

Client - IMC MINING SOLUTIONS
Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID MB01_B MB02_S

MB04_C

MB04_S

Client sampling date / time 12-MAR-2013 08:50 12-MAR-2013 14:00

12-MAR-2013 10:45

12-MAR-2013 12:00

Compound CAS Number

EB1306286-003

EB1306286-004

Unit EB1306286-001 EB1306286-002

EGO035T: Total Recoverable Mercury by FIMS - Continued

| Mercury 7439-97-6 00001 | mglL | <0.0001 | <0.0001 <0.0001 <0.0001
EG051G: Ferrous Iron by Discrete Analyser

| Ferrous Iron — 005 = mgL | <0.05 | <0.05 <0.05 <0.05
EGO051GUF: Ferrous Iron by Discrete Analyser - Unfiltered

| Ferrous Iron — 005 = mgL | <0.05 | <0.05 <0.05 <0.05
EKO040P: Fluoride by PC Titrator

| Fluoride 16984-488 01 | mglL | <4.0 | 0.6 0.5 0.8
EK055G: Ammonia as N by Discrete Analyser

| Ammonia as N 7664-41-7 001 | mglL | 0.08 | 0.08 0.22 0.13
EKO057G: Nitrite as N by Discrete Analyser i

| Nitrite as N — 001 | mgL | <0.01 | <0.01 <0.01 <0.01
EKO058G: Nitrate as N by Discrete Analyser :

| Nitrate as N 14797-55-8 001 | mglL | 0.01 | <0.01 <0.01 <0.01
EKO059G: Nitrite plus Nitrate as N (NOx) by Discrete Analyser

| Nitrite + Nitrate as N ——  0.01 \ mg/L | 0.01 | <0.01 <0.01 <0.01
EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

| Total Kjeldahl Nitrogen as N —| 01 | mgl | 3.0 | <0.1 0.7 0.2
EKO062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

! Total Nitrogen as N | 01 | mgL | 3.0 | <0.1 0.7 0.2
EK067G: Total Phosphorus as P by Discrete Analyser

| Total Phosphorus as P —| 001 |  mgl | 31.7 | 0.10 0.17 0.43
EKO071G: Reactive Phosphorus as P by discrete analyser

| Reactive Phosphorus as P — 0.01 ‘ mg/L I 0.04 | 0.02 <0.01 0.01 -
ENO055: lonic Balance
Total Anions —— 0.01 meq/L 23.0 14.5 25.5 245 b
Total Cations — 0.01 meq/L 24.9 14.8 27.4 26.4 —
lonic Balance —- 0.01 % 3.86 0.74 3.56 3.74 —
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Work Order - EB1306388
Client - IMC MINING SOLUTIONS -
Project - G1588 Taroborah ALS

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house
developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component has been assumed by the laboratory for processing purposes.

Key : CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

A = This result is computed from individual analyte detections at or above the level of reporting
® EAO016: Calculated TDS is determined from Electrical conductivity using a conversion factor of 0.65.
® ltis recognised that EG020T (Total Metals) is less than EG020F (Dissolved Metals) for some samples. However, the difference is within experimental variation of the methods.
® Itis recognised that EK061 (Total Kjeldahl Nitrogen) is less than EK055 (Ammonia) for some samples. However, the difference is within experimental variation of the methods.
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Work Order - EB1306388

Client - IMC MINING SOLUTIONS
Project - G1588 Taroborah
Analytical Results

Sub-Matrix: WATER (Matrix: WATER)

Client sample ID MB02_C MB03_S MB05_C —- -

13-MAR-2013 11:45
EB1306388-002

13-MAR-2013 13:45 - —
EB1306388-003 -en J—

Client sampling date / time 13-MAR-2013 09:30
Unit EB1306388-001

Compound CAS Number

EAO005P: pH by PC Titrator
| pH Value -

001 | pHUnit | 8.23 | 8.36 ) | 8.45 | |

EA006: Sodium Adsorption Ratio (SAR)
| Sodium Adsorption Ratio —

EAO010P: Conductivity by PC Titrator
| Electrical Conductivity @ 25°C

001 | - | 4.50 | 11.8 é | 3.52 | |

mg/L 2000 1990 é | 1030 | |

1 . pSlem | 3070 | 3060 é | 1590

EA016: Non Marine - Estimated TDS Salinity

| Total Dissolved Solids (Calc.) -
EA025: Suspended Solids B
| Suspended Solids (SS) — mg/L 8020 | 240 | — | —
EA065: Total Hardness as CaCO3
| Total Hardness as CaCO3 — ‘ mg/L | 348 | — | —
EDO037P: Alkalinity by PC Titrator
Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 — —
Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 1 20 — —
Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 248 276 260 - -
Total Alkalinity as CaCO3 — 1 mg/L 248 288 280 -—-- -

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA B
| Sulfate as SO4 - Turbidimetric 14808-79-8 ‘ 1 mg/L | 66

| |
| Chioride 16887-00-6 1 mg/L 291
Calcmm 7440-70-2 1 mg/L 39 — —
Magnesium 7439-95-4 1 mg/L 129 42 61 -—-- -
Sodium 7440-23-5 1 mg/L 288 482 151 - —
Potassium 7440-09-7 1 mg/L 12 — —
AIumlnlum 7429-90-5 0.01 mg/L 0.02 <0.01 <0.01 — —
Antimony 7440-36-0 . 0.001 mg/L <0.001 <0.001 <0.001 - -
Arsenic 7440-38-2 | 0.001 mg/L <0.001 0.002 0.002
Barium 7440-39-3 0.001 mg/L 0.146 0.093 0.108 - -—
Beryllium 7440-41-7 = 0.001 mg/L <0.001 <0.001 <0.001 - -
Cadmium 7440-43-9 | 0.0001 mg/L <0.0001 <0.0001 <0.0001 - -—
Cobalt 7440-48-4  0.001 mg/L <0.001 <0.001 <0.001 - -—
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Work Order - EB1306388
Client - IMC MINING SOLUTIONS
Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER)

Client sample ID

Client sampling date / time

MB02_C

MB03_S

MB05_C

13-MAR-2013 09:30

13-MAR-2013 11:45

13-MAR-2013 13:45

Compound

EGO020F: Dissolved Metals by ICP-MS - Continued

CAS Number

Unit

EB1306388-001

EB1306388-002

EB1306388-003

<0.001

Chromium 7440-47-3  0.001 mg/L <0.001 <0.001 - -
Copper 7440-50-8 | 0.001 mg/L <0.001 0.001 <0.001 ——- ——
Manganese 7439-96-5 | 0.001 mg/L 0.022 0.029 0.017 -—-- —
Nickel 7440-02-0 | 0.001 mg/L <0.001 0.001 0.002 - ——-
Lead 7439-92-1 ©  0.001 mg/L <0.001 <0.001 <0.001 — —
Vanadium 7440-62-2 0.01 mg/L <0.01 <0.01 <0.01 ——- —
Zinc 7440-66-6 | 0.005 mg/L 0.005 0.006 0.007 - —
Molybdenum 7439-98-7 | 0.001 mg/L 0.002 0.015 0.002
Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 <0.01 —- —
Uranium 7440-61-1 0.001 mg/L <0.001 0.012 0.001 - -
Boron 7440-42-8 0.05 mg/L 0.13 0.28 0.11 - -
Aluminium 7429-90-5  0.01 mg/L 0.51 1.01 0.21
Antimony 7440-36-0 = 0.001 mg/L <0.001 <0.001 <0.001 - —
Arsenic 7440-38-2 | 0.001 mg/L 0.002 0.003 0.002
Barium 7440-39-3 | 0.001 mg/L 0.140 0.131 0.097 -—-- -—--
Beryllium 7440-41-7 = 0.001 mg/L 0.001 0.003 <0.001 -—- —
Cadmium 7440-43-9 = 0.0001 mg/L <0.0001 0.0002 <0.0001 -—- -—-
Cobalt 7440-48-4  0.001 mg/L 0.001 0.003 <0.001 -—- —
Chromium 7440-47-3 @ 0.001 mg/L <0.001 0.001 <0.001 - —-
Copper 7440-50-8 = 0.001 mg/L 0.008 0.004 <0.001 - —-
Manganese 7439-96-5  0.001 mg/L 0.085 0.375 0.024
Nickel 7440-02-0 | 0.001 mg/L 0.002 0.003 0.003 - —-
Lead 7439-92-1 0.001 mg/L 0.009 0.024 <0.001 —- —
Vanadium 7440-62-2 | 0.01 mg/L <0.01 <0.01 <0.01 —- —
Zinc 7440-66-6 | 0.005 mg/L 0.015 0.038 0.006 - -
Molybdenum 7439-98-7  0.001 mg/L 0.002 0.015 0.002 - -
Selenium 7782-49-2 | 0.01 mg/L <0.01 <0.01 <0.01 - —
Uranium 7440-61-1 © 0.001 mg/L 0.001 0.015 0.002 - -
Boron 7440-42-8 | 0.05 mg/L 0.14 0.30 0.11 - -
EGO035F: Dissolved Mercury by FIMS ,

| Mercury 7439-97-6 0.0001 | mglL <0.0001 <0.0001 <0.0001

EGO035T: Total Recoverable Mercury by FIMS .’
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Work Order - EB1306388

Client - IMC MINING SOLUTIONS
Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID MB02_C MB03_S

MB05_C

Client sampling date / time 13-MAR-2013 09:30 13-MAR-2013 11:45

13-MAR-2013 13:45

Compound CAS Number

EB1306388-003

Unit EB1306388-001 EB1306388-002

EGO035T: Total Recoverable Mercury by FIMS - Continued

| Mercury 7439-97-6 00001 | mglL | <0.0001 | <0.0001 <0.0001
EG051G: Ferrous Iron by Discrete Analyser

| Ferrous Iron | 005  mgL | <0.05 | <0.05 <0.05
EGO051GUF: Ferrous Iron by Discrete Analyser - Unfiltered

| Ferrous Iron J— 0.05 ‘ mg/L I 0.08 | 0.10 <0.05 ———- ———-
EKO040P: Fluoride by PC Titrator

| Fluoride 16984-488 01 | mgL | 0.4 | 0.6 0.4
EK055G: Ammonia as N by Discrete Analyser

| Ammonia as N 7664-41-7 ‘ 0.01 mg/L 0.17 - -
EKO057G: Nitrite as N by Discrete Analyser

| Nitrite as N | 001 mg/L I <0.01 <0.01 — o
EKO058G: Nitrate as N by Discrete Analyser

| Nitrate as N 14797-55-8 ‘ 0.01 mg/L 0.03 — —
EKO059G: Nitrite plus Nitrate as N (NOx) by Discrete Analyser

| Nitrite + Nitrate as N 0.03
EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

| Total Kjeldahl Nitrogen as N <0.1 - -
EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

r‘ Total Nitrogen as N J— mg/L <0.1 — —
EK067G: Total Phosphorus as P by Discrete Analyser

| Total Phosphorus as P J— 0.01 mg/L 0.63 — —
EKO071G: Reactive Phosphorus as P by discrete analyser

| Reactive Phosphorus as P J— 0.01 mg/L <0.01 0.02 — —
ENO055: lonic Balance
Total Anions —- 0.01 meq/L 26.6 271 15.2 — —
Total Cations — 0.01 meq/L 28.3 29.4 13.8 — —
lonic Balance — 0.01 % 3.12 4.15 4.62 — —
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Client : AUST GROUNDWATER & ENVIRO CONSULTANTS
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- EB1309416

. AUST GROUNDWATER & ENVIRO CONSULTANTS
- G1588 Tarborah

General Comments

The analytical procedures used by the Environmental
developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component has been assumed by the laboratory for processing purposes.

Key : CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.
LOR = Limit of reporting

A = This result is computed from individual analyte detections at or above the level of reporting

® EAO016: Calculated TDS is determined from Electrical conductivity using a conversion factor of 0.65.

® ltis recognised that EG020T (Total Metals) is less than EG020F (Dissolved Metals) for some samples. However, the difference is within experimental variation of the methods.

WORLD RECOGNISED
ACCREDITATION

NATA Accredited Laboratory 825

Accredited for compliance with

ISO/IEC 17025.

Signatories

This document has been electronically signed by the authorized signatories
compliance with procedures specified in 21 CFR Part 11.

Signatories

Greg Vogel
Kim McCabe

Stephen Hislop

Position
Laboratory Manager
Senior Inorganic Chemist

Senior Inorganic Chemist

indicated below. Electronic signing has been carried out

Accreditation Category
Brisbane Inorganics

Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics

In house

in
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Work Order - EB1309416

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS

Project - G1588 Tarborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample 1D TAR177_C TAR176_C — i —-

Client sampling date / time 18-APR-2013 08:00 18-APR-2013 13:00

Compound CAS Number

Unit EB1309416-001 EB1309416-002

EAO005P: pH by PC Titrator

001 | pHUnit | 7.40 | 8.65

| pH Value —

EA006: Sodium Adsorption Ratio (SAR)

| Sodium Adsorption Ratio - | 0.01 ‘ - | 1.24 | 3.73

EAO010P: Conductivity by PC Titrator

| Electrical Conductivity @ 25°C w1 | uSlm | 1400 | 930

EA016: Non Marine - Estimated TDS Salinity

| Total Dissolved Solids (Calc.) — 10 | mgL | 910 | 604
EA025: Suspended Solids B
| Suspended Solids (SS) — 5 | mgL | 5 | <5 — .

EA065: Total Hardness as CaCO3 3

| Total Hardness as CaCO3 —— 1 ‘ mg/L | 655 | 186

EDO037P: Alkalinity by PC Titrator

Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 — — —
Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 28 J— — —-
Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 778 157 — — —
Total Alkalinity as CaCO3 — 1 mg/L 778 186 -— — —

EDO040F: Dissolved Major Anions

| Sulfate as SO4 2- 14808-79-8 - omgl | 20 | 37
EDO045G: Chloride Discrete analyser i
| Chloride 16887-00-6 | mgll | 73 | 199

EDO093F: Dissolved Major Cations

Calcium 7440-70-2 1 71 53
Magnesium 7439-95-4 1 mg/L 116 13 — —
Sodium 7440-23-5 1 mg/L 73 117
Potassium 7440-09-7 1 mg/L 3 16
EGO020F: Dissolved Metals by ICP-MS i

Aluminium 7429-90-5 0.01 mg/L <0.01 0.02 J— —
Antimony 7440-36-0 | 0.001 mg/L <0.001 <0.001
Arsenic 7440-38-2 | 0.001 mg/L <0.001 0.002
Barium 7440-39-3 | 0.001 mg/L 0.096 0.078
Beryllium 7440-41-7 | 0.001 mg/L <0.001 <0.001
Cadmium 7440-43-9 | 0.0001 mg/L <0.0001 <0.0001
Cobalt 7440-48-4 @ 0.001 mg/L <0.001 <0.001
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Work Order - EB1309416

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS
Project - G1588 Tarborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER)

Client sample ID

Client sampling date / time

TAR177_C

TAR176_C

18-APR-2013 08:00

18-APR-2013 13:00

Compound

CAS Number
EGO020F: Dissolved Metals by ICP-MS - Continued

Unit

EB1309416-001

EB1309416-002

Chromium 7440-47-3 | 0.001 mg/L <0.001 <0.001
Copper 7440-50-8 | 0.001 mg/L <0.001 <0.001
Manganese 7439-96-5  0.001 mg/L 0.077 0.001
Nickel 7440-02-0 = 0.001 mg/L 0.003 <0.001 ——- —
Lead 7439-92-1 | 0.001 mg/L <0.001 <0.001 —- —-
Vanadium 7440-62-2 0.01 mg/L <0.01 <0.01 — —
Zinc 7440-66-6 | 0.005 mg/L 0.008 <0.005 — —
Molybdenum 7439-98-7  0.001 mg/L 0.005 0.011
Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 — —
Uranium 7440-61-1 | 0.001 mg/L <0.001 <0.001 — —-
Boron 7440-42-8 | 0.05 mg/L 0.07 0.10
Aluminium 7429-90-5 0.01 mg/L 0.02 0.02 — —
Antimony 7440-36-0 | 0.001 mg/L <0.001 <0.001 - —
Arsenic 7440-38-2 | 0.001 mg/L <0.001 0.001 - —
Barium 7440-39-3 0.001 mg/L 0.109 0.078
Beryllium 7440-41-7 | 0.001 mg/L <0.001 <0.001 —— —
Cadmium 7440-43-9 | 0.0001 mg/L <0.0001 <0.0001 —— —
Cobalt 7440-48-4 | 0.001 mg/L <0.001 <0.001 —— —
Chromium 7440-47-3 | 0.001 mg/L <0.001 <0.001 —— —
Copper 7440-50-8 | 0.001 mg/L <0.001 <0.001
Manganese 7439-96-5 0.001 mg/L 0.092 0.001
Nickel 7440-02-0 . 0.001 mg/L 0.003 <0.001 — — —
Lead 7439-92-1 ©  0.001 mg/L <0.001 <0.001
Vanadium 7440-62-2 0.01 mg/L <0.01 <0.01
Zinc 7440-66-6 | 0.005 mg/L 0.005 <0.005 ——- —
Molybdenum 7439-98-7 | 0.001 mg/L 0.005 0.012
Selenium 7782-49-2 0.01 mg/L <0.01 <0.01
Uranium 7440-61-1 | 0.001 mg/L <0.001 <0.001
Boron 7440-42-8 | 0.05 mg/L 0.05 0.09

EGO035F: Dissolved Mercury by FIMS ]

7439-97-6  0.0001 |

| Mercury

mg/L

<0.0001

EGO035T: Total Recoverable Mercury by FIMS

<0.0001
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Work Order - EB1309416

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS

Project - G1588 Tarborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample 1D TAR177_C TAR176_C

Client sampling date / time 18-APR-2013 08:00 18-APR-2013 13:00

Compound CAS Number

Unit EB1309416-001 EB1309416-002

EGO035T: Total Recoverable Mercury by FIMS - Continued

| Mercury 7439-97-6 00001 | mglL | <0.0001 | <0.0001

EG051G: Ferrous Iron by Discrete Analyser

| Ferrous Iron — 0.05 ‘ mg/L I 0.44 | <0.05

EKO040P: Fluoride by PC Titrator

| Fluoride 16984-48-8 01 | mglL | 0.2 | 0.2

EK055G: Ammonia as N by Discrete Analyser

| Ammonia as N 7664-41-7 ‘ 0.01 ‘ mg/L I 0.03 | 0.54 ---- - -
EKO057G: Nitrite as N by Discrete Analyser '

| Nitrite as N 001 | mgL | <0.01 | <0.01
EK058G: Nitrate as N by Discrete Analyser |

| Nitrate as N 14797-55-8 001 | mgL | 0.02 | <0.01

EKO059G: Nitrite plus Nitrate as N (NOx) by Discrete Analyser

001 | mglL | 0.02 | <0.01

| Nitrite + Nitrate as N

EKO061G: Total Kjeldahl Nitrogen By Discrete Analyser

| Total Kjeldahl Nitrogen as N

EKO062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

! Total Nitrogen as N —| 01 | mgL | 0.2 | 0.6 — -
EK067G: Total Phosphorus as P by Discrete Analyser .

| Total Phosphorus as P —| 001 |  mglL | 0.02 | <0.01 — —
EKO071G: Reactive Phosphorus as P by discrete analyser .

| Reactive Phosphorus as P 14265-44-2 001 | mgL | 0.02 | <0.01 — —
ENO055: lonic Balance .
Total Anions J— 0.01 meq/L 18.0 10.1 — —
Total Cations J— 0.01 meq/L 16.3 9.21 — —

lonic Balance - | 0.01 % 4.91 4.59




CHAIN OF
v CUSTODY

s sk rorunesrsbad ALS Laboratory:
please tick >

QADELAIDE 21 Burma Road Pooraka SA 5095
Pl 08 8259 0890 E: adelaide@alsglobal.com

SBANE 32 Shand Street Stafford QLD 4053
Ph: 07 3243 7222 E: samples brisbane@alsglobal corn
OGLADSTONE 46 Gallemondah Crive Clinton QLD 4630
Ph: 07 7471 5800 E: gladstone@alsglobal com

QMACKAY 73 Harbour Road Mackay QLD 4740
Ph: 07 4844 0177 E: mackay@alsglotal com

OMELBOURNE 24 Westall Road Springvale VIC 3171
i 03 3549 9600 E: samples. melbourne@alsgiobat corn

QMUDGEE 27 Sydney Road Mudgee NSW 2850
Ph: 02 6372 8735 E: mudgee mail@alsglobal.com

pa

QNEWCASTLE 5 Rose Gum Road Warabrook NGW 2304
Ph: 02 4968 9432 £: sampies.newcastie@alsglobal.com
QNOWRA 4/13 Geary Place Horth Nowra NSW 2541

Ph: 024423 2063 E: nowre@alsglobal.com

TPERTH 10 Hod Way Malaga WA €030
Ph: 08 9209 7655 E: samples.perth@alsglobal.com

QSYDNEY 277-289 Woodpark Road Smithfield NSW 2164
£h: 02 8784 8556 E: samples.sydney@alsglobal.com
QOTOWNSVILLE 14-15 Desma Court Bohle QLD 4318
Ph: 07 4796 9800 E: townesville environmentai@alsglotal.com

BWOLLONGONG 99 Kenny Street Wollongong NSW 2500
Ph: 02 4225 3125 E: portkerbla@alsglobal com

CLIENT: AGE CONSULTANTS

TURNAROUND REQUIREMENTS :

OFFICE: BRISBANE (Level 2/15 Mallon Street, Bowen Hills, 4006)

e.g.. Ultra Trace Organics)

(Standard TAT may be longer for some tests

Pl Standard TAT (List due date):

[1 Non Standard or urgent TAT (List due date):

PROJECT: G1588 Taroborah ALS QUOTE NO.: BN-735-11 V2 COC SEQUENCE NUMBER  (Circle}

ORDER NUMBER: G1588 €oc: 7

PROJECT MANAGER: Craig Vincent CONTACT PH: 07 32572055 oF: 1 7 H e

SAMPLER: Craig Vincent/Chris Breislin SAMPLER MOBILE: 0417237366 RELINQUISHED BY: RECEIVED BY: RELINQUISHED BY:

COC emailed to ALS? { YES / NO} EDD FORMAT {or default): s 6 VInCEST /& 6 Py e - B I . 6 "w?/

Email Reports to (will default to PM if no other addresses are listed): craig.vincent@ageconsultants.com.au DATE/TIME: DATE/MIME: ATE/TIME:

Emall Invoice to (will default to PM if no other addresses are listed): craig.vincent@ageconstitants.com.au Z.L/ y / / 3 / Lf' ’ ‘)7 g - [/ . /3 M— / 3 /S, 0 0

COMMENTS/SPECIAL HANDLING/STORAGE OR DISPOSAL:

LAB ID SAMPLE ID DATE / TIME

MATRIX

TYPE & PRESERVATIVE

(refer to codes below)

ANALYSIS REQUIRED including SUITES (NB. Suite Codes must be listed to attract suite price)
Where Metals are required, specify Total (unfiltered bottie required) or Dissolved (field fitered bottie required).

Additional Information

TOTAL
CONTAINERS

Total and dissolved
metals - ICPMS:Al,
As, Au, B, Ba, Be,
Mn, Mo, Ni, ¥, 8h,

Y, Zn.

Bi, Co, Fe, P, Hg,

Comments on likely contaminant levels,
' |dilutions, or samples requiring specific QC
analysis etc.

nutrients)
hate

NT -

| 5‘/‘«/10’ LDam

\

Oy
\

~~Jotal and dissolved

\\
\
|
\
)
\ Fludside

N\

zz,/9ﬁ§ jlao| W | rAariooT

oy

T

\_ /

Tt

<
,V Environmental Division
Brishane —

Work Order ]

B1309670 —

Water Container Codes: P = Unpreserved Plastic; N = Nitric Preserved Plastic; ORC = Nitric Preserved ORC; SH = Sodium Hydroxide/Cd Preserved; S= Sodium
V = VOA Vial HCI Preserved; VB = VOA Vial Sodium Bisulphate Preserved; VS = VOA Vial Sulfuric Preserved; AV = Airfreight Unpreserved Vial SG = Sulfuric Preserve
nc Acetate Preserved Bottle; E = EDTA Preserved Bottles; ST = Sterile Bottle; ASS = Plastic Bag for Acid Sulphate Soils; B = Unpreserved Bag.

i 7

(4 2 Telephone : +61-7-3243 7222 ]

L L

Hydroxide Preserved Plastic; AG = Amber Glass Unpresetved; AP - Airfreight Unpreserved Plastic

:v’ﬂ-

d Amber Glass: H = HCI preserved Plastic; HS = HCI preserved Speciation bottle; SP = Sulfuric Preserved Plastic; F = Formaldehyde Preserved Glass; m
/




ALS)Group

Environmental Division

Work Order

Client

Contact
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E-mail
Telephone
Facsimile
Project

Order number
C-O-C number
Sampler

Site

Quote number

release.

This Certificate of Analysis contains the following information:

® General Comments
® Analytical Results

*EB1309670
: AUST GROUNDWATER & ENVIRO CONSULTANTS
: MR CRAIG VINCENT
: LEVEL 2, 15 MALLON STREET
BOWEN HILLS QLD, AUSTRALIA 4006
: craig.vincent@ageconsultants.com.au
. +61 07 32572055
. +61 07 32572088
: G1588 Taroborah
: G1588

: C Vincent/C Breislin

: BN/735/11 V2

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All

CERTIFICATE OF ANALYSIS

Page

Laboratory

Contact
Address

E-mail
Telephone
Facsimile
QC Level

Date Samples Received
Issue Date

No. of samples received
No. of samples analysed

:10of5

: Environmental Division Brisbane
: Customer Services
: 2 Byth Street Stafford QLD Australia 4053

: Brisbane.Enviro.Services@alsglobal.com

. +617 3243 7222

1 +617 32437218

: NEPM 1999 Schedule B(3) and ALS QCS3 requirement

: 23-APR-2013
: 01-MAY-2013

1
1

pages of this report have been checked and approved for

Environmental Division Brisbane 84 009 936 029 Part of the ALS Group An ALS Limited Compan
www.alsglobal.com

2 Byth Street Stafford QLD Australia 4053

AIGHT sOoLuTiions

+61-7-3243 7222 | Facsimile +61-7-3243 7218
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Work Order - EB1309670
Client . AUST GROUNDWATER & ENVIRO CONSULTANTS -
Project - G1588 Taroborah ALS

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.
Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component has been assumed by the laboratory for processing purposes.

Key : CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting
A = This result is computed from individual analyte detections at or above the level of reporting

® TDS by method EA-015 may bias high due to the presence of fine particulate matter, which may pass through the prescribed GF/C paper.

NATA Accredited Laboratory 825 Slignatories
This document has been electronically signed by the authorized signatories
N AT A Accredited for compliance with compliance with procedures specified in 21 CFR Part 11.
ISO/IEC 17025. Signatories Position
v Kim McCabe Senior Inorganic Chemist
WORLD RECOGNISED i Senior Inorganic Chemist
ACCREDITATION Stephen Hislop 9

indicated below. Electronic signing has been carried out in

Accreditation Category

Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics
WB Water Lab Brisbane
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Work Order - EB1309670

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS

Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID Stan's Dam

Client sampling date / time

22-APR-2013 11:00

Unit

Compound CAS Number
EAO005P: pH by PC Titrator

| pH Value —

001 | pH Unit

EB1309670-001

8.66

EAO010P: Conductivity by PC Titrator
| Electrical Conductivity @ 25°C —

1  pSlem

480

EAO015: Total Dissolved Solids

| Total Dissolved Solids @180°C

10 | mgl

270

EDO041G: Sulfate (Turbidimetric) as SO4 2- by DA

| Sulfate as S04 - Turbidimetric 14808-79-8 1 | mgl 5
EGO020F: Dissolved Metals by ICP-MS
Aluminium 7429-90-5 0.01 mg/L 0.01 —— — —-
Antimony 7440-36-0  0.001 mg/L <0.001
Arsenic 7440-38-2 | 0.001 mg/L <0.001
Beryllium 7440-41-7 = 0.001 mg/L <0.001
Barium 7440-39-3 1 0.001 mg/L 0.020
Bismuth 7440-69-9 | 0.001 mg/L <0.001
Cobalt 7440-48-4 | 0.001 mg/L <0.001
Lead 7439-92-1 | 0.001 mg/L <0.001
Manganese 7439-96-5 | 0.001 mg/L 0.021 —— —- —-
Molybdenum 7439-98-7 | 0.001 mg/L <0.001 —— —- —-
Nickel 7440-02-0 . 0.001 mg/L 0.005 — — —
Titanium 7440-32-6 0.01 mg/L <0.01 — — —-
Uranium 7440-61-1 | 0.001 mg/L <0.001 — — —-
Zinc 7440-66-6 | 0.005 mg/L <0.005 — — —-
Boron 7440-42-8 0.05 mg/L 0.13 — — —-
Iron 7439-89-6 0.05 mg/L <0.05 — — —-
Gold 7440-57-5 |  0.001 mg/L <0.001 - - —
Aluminium 7429-90-5 0.01 mg/L 0.46 — — —-
Antimony 7440-36-0 | 0.001 mg/L <0.001 — — —-
Arsenic 7440-38-2 | 0.001 mg/L 0.001 — —— —
Beryllium 7440-41-7 | 0.001 mg/L <0.001 — —— —
Barium 7440-39-3 | 0.001 mg/L 0.025 — —— —
Bismuth 7440-69-9 | 0.001 mg/L <0.001 — — —-
Cobalt 7440-48-4 | 0.001 mg/L <0.001
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Work Order - EB1309670
Client - AUST GROUNDWATER & ENVIRO CONSULTANTS
Project - G1588 Taroborah
Analytical Results
Sub-Matrix: WATER (Matrix: WATER) Client sample ID Stan's Dam
Client sampling date / time 22-APR-2013 11:00 - - - -
Compound CAS Number Unit EB1309670-001 - == -
EGO020T: Total Metals by ICP-MS - Continued
Lead 7439-92-1 | 0.001 mg/L <0.001 - e e
Manganese 7439-96-5 | 0.001 mg/L 0.067 -—-- - - -
Molybdenum 7439-98-7 = 0.001 mg/L <0.001 - - - -
Nickel 7440-02-0 . 0.001 mg/L 0.006 — - -
Titanium 7440-32-6 0.01 mg/L <0.01 - - - -
Uranium 7440-61-1 0.001 mg/L <0.001 - - - -
Zinc 7440-66-6 = 0.005 mg/L 0.007 - - -
Boron 7440-42-8 0.05 mg/L 0.14 - - -
Iron 7439-89-6 0.05 mg/L 0.61 - - -
Gold 7440-57-5 0.001 mg/L <0.001 —-- ——- ——-

EGO035F: Dissolved Mercury by FIMS

7439-97-6 00001

<0.0001

EGO035T: Total Recoverable Mercury by FIMS

Mercury

7439-97-6  0.0001 |

mg/L

<0.0001 |

EGO094F: Dissolved Metals in Fresh Water by ORC-ICPMS |

Selenium 7782-49-2 0.2 ug/L <0.2 J— —- —
Cadmium 7440-43-9 0.05 pg/L <0.05 — — —
Chromium 7440-47-3 0.2 ug/L <0.2 — —- —
Copper 7440-50-8 0.5 pg/L 0.9
Silver 7440-22-4 0.1 pg/L <0.1 - — —

EG094T: Total metals in Fresh water by ORC-ICPMS ‘

Selenium 7782-49-2 0.2 ug/L <0.2 — — —
Cadmium 7440-43-9 0.05 pg/L <0.05 — — —
Chromium 7440-47-3 0.2 pg/L 1.3 — — —
Copper 7440-50-8 0.5 ug/L 1.5
Silver 7440-22-4 0.1 pg/L <0.1 — — —

Fluoride

EKO040P: Fluoride by PC Titrator

16984-48-8

0.3 |

Ammonia as N

EK055G: Ammonia as N by Discrete Analyser

7664-41-7

Nitrite as N

EKO057G: Nitrite as N by Discrete Analyser

<0.01 |

EKO058G: Nitrate as N by Discrete Analyser '
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Work Order - EB1309670

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS

Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID Stan's Dam

Client sampling date / time 22-APR-2013 11:00 -—-

Unit EB1309670-001 —

Compound CAS Number

EKO058G: Nitrate as N by Discrete Analyser - Continued

| Nitrate as N 14797-55-8 001 | mglL | <0.01 |

EKO059G: Nitrite plus Nitrate as N (NOx) by Discrete Analyser

| Nitrite + Nitrate as N — 0.01 ‘ mg/L I <0.01 | —

EKO061G: Total Kjeldahl Nitrogen By Discrete Analyser

| Total Kjeldahl Nitrogen as N — 01 | mgL | 16 |

EKO062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

r‘ Total Nitrogen as N — 0.1 ‘ mg/L I 1.6 | —

EKO067G: Total Phosphorus as P by Discrete Analyser

001 | mgL | 0.03 |

| Total Phosphorus as P —




[ Sydney: 277 Woodpark Rd, Smithfield NSW 2176
Ph: 02 8784 8555 E:samples.sydney@alsenviro.com

O Newcastle: 5 Rosegum Rd, Warabrook NSW 2304

CHAIN OF CUSTODY

ALS Laboratory: please tick 2>

W~ Brrebane: 32 Shand St Stafford QLD 4053
Ph:07 3243 7222 E:samples brisbane@alsenviro.com

O Townsville: 14-15 Desma Ct, Bohle QLD 4818

0 Melbourna: 2-4 Westall Rd, Springvale VIC 3171
Ph:03 8549 9600 E: samples.melbourne@alsenviro.com
[J Adelaide: 2-1 Burma Rd, Pooraka SA 5095

DO Perth: 10 Hod Way, Malaga WA 6090

ALS Ph:02 4963 9433 E:samples.newcastie@alsenviro.com Ph:07 4796 0600 E: townsille environmental@alsenvire. com Ph: 08 8359 0890 E.adelaide@alsenviro.com Ph: 03 6331 2158 E: launceston@alsenviro.com

CLIENT: AGE CONSULTANTS TURNAROUND REQUIREMENTS : E,Standard TAT (List due date):
N S test

OFFICE: Brisbane {Level 2/15 Mallon Street, Bowen Hills, 4006) e e Trace ogaiegy " <™ !%%*  [1 Non Standard or urgent TAT (List due date):
PROJECT: G1588 Taroborah ALS QUOTE NO.: BN - 73511 V2 COC SEQUENCE NUMBER  (Circle)
ORDER NUMBER: Gi588 coc: 2 3 4 5 6 7
PROJECT MANAGER: Craig Vincent CONTACT PH: 07 32572055 oF: 1 2 3 4 5 6 7 e
SAMPLER: Craig Vincent/Chris Breislin SAMPLER MOBILE: 0417237366 RELINQUISHED BY: ) RECEIVED BY: RELINQUISHED BY:
COC emaifed to ALS? ( YES /RO EDD FORMAT (or default): 6’241 6 q/,,uc_g%_,r /7« /54’(/‘/7 el
Emali Reports to (will default to PM if no other addresses are listed): . . .
claire.stephenson@ageconsultants.com.au; craig.vincent@ageconsuitants.com.au DATE/TIME: / 9 i 0 7 DATE/TIME: DATE/TIME:
Email Invoice to (will defauit to PM if no other addresses are listed): 6&2 4 U ' / ? / ‘/ /0 ﬂ .’4 N/ 5

Ph: 08 9209 7655 E: samples perth@alsemviro.com
O Launceston: 27 Wellingtort $t, Launceston TAS 7250
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p ved Plastic; N = Nitric Preserved Plastic; ORC = Nitric Preserved ORC; SH = Sodium Hydroxide/Cd Preserved; S = Sodium Hydroxide Preserved Plastic; AG = Amber Glass Unpreserved,

V = VOA Vial HCI Preserved; VB = VOA Vial Sodium Bisulphate Preserved; VS = VOA Vial Sulfuric Preserved; AV = Airfreight Unpreserved Vial SG = Sulfuric Preserved Amber Glass; H = HCI preserved Plastic; HS = HC| preserved Speciation bottle; SP = Sulfuric Preserved Plastic; F = Formaldehyde Preserved Glass;
Z = Zinc Acetate Preserved Bottle; E = EDTA Preserved Bottles; ST = Sterile Bottle; ASS = Plastic Bag for Acid Sulghate Soils; B = Unpreserved BEE-

P - Airfreight Unpreserved Plastic
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- EB1309671

: AUST GROUNDWATER & ENVIRO CONSULTANTS

- G1588 Taroborah

General Comments

The analytical procedures used by the Environmental

Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM.

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component has been assumed by the laboratory for processing purposes.

Key : CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.
LOR = Limit of reporting
A = This result is computed from individual analyte detections at or above the level of reporting

® EAO016: Calculated TDS is determined from Electrical conductivity using a conversion factor of 0.65.

® ltis recognised that EG020T (Total Metals) is less than EG020F (Dissolved Metals) for some samples. However, the difference is within experimental variation of the methods.

NATA

WORLD RECOGNISED
ACCREDITATION

NATA Accredited Laboratory 825

Accredited for compliance with
ISO/IEC 17025.

Signatories
This document has been electronically signed by the authorized signatories

compliance with procedures specified in 21 CFR Part 11.

Signatories Position

Jonathon Angell Inorganic Coordinator
Kim McCabe Senior Inorganic Chemist
Stephen Hislop Senior Inorganic Chemist
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Brisbane Inorganics

Brisbane Inorganics
Brisbane Inorganics
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Work Order - EB1309671

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS

Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID TAR249-C TARO053

Client sampling date / time 22-APR-2013 10:30 22-APR-2013 13:15

Compound CAS Number

Unit EB1309671-001 EB1309671-002

EAO005P: pH by PC Titrator

| pH Value —-| 001 | pHUnt | 8.56 | 7.93

EA006: Sodium Adsorption Ratio (SAR)

| Sodium Adsorption Ratio w001 | - | 3.79 | 1.51

EAO010P: Conductivity by PC Titrator

| Electrical Conductivity @ 25°C — 1 | pSkm | 783 | 980

EA016: Non Marine - Estimated TDS Salinity

| Total Dissolved Solids (Calc.) — 1 mgL | 509 | 637
EA025: Suspended Solids -
| Suspended Solids (SS) — 5 | mgL | 85 | 7 — .

EA065: Total Hardness as CaCO3 3

| Total Hardness as CaCO3 —— 1 ‘ mg/L | 137 | 371

EDO037P: Alkalinity by PC Titrator

Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 <1 — — —
Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L 14 <1 — — —
Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 75 445 — — —
Total Alkalinity as CaCO3 —- 1 mg/L 920 445 —— J— —

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

| Sulfate as SO4 - Turbidimetric 14808-79-8 ‘ ‘ mg/L | 42 | 13 — — —
EDO045G: Chloride Discrete analyser i
| Chloride 16887-00-6 | mgll | 179 | 48

EDO093F: Dissolved Major Cations

Calcium 7440-70-2 1 17 58
Magnesium 7439-95-4 1 mg/L 23 55
Sodium 7440-23-5 1 mg/L 102 67
Potassium 7440-09-7 1 mg/L 10 5
EGO020F: Dissolved Metals by ICP-MS i

Aluminium 7429-90-5 0.01 mg/L 0.01 <0.01 — —
Antimony 7440-36-0 | 0.001 mg/L 0.001 <0.001 J— —
Arsenic 7440-38-2 | 0.001 mg/L <0.001 0.005
Barium 7440-39-3 | 0.001 mg/L 0.031 0.388
Beryllium 7440-41-7 | 0.001 mg/L <0.001 <0.001
Cadmium 7440-43-9 | 0.0001 mg/L <0.0001 <0.0001
Cobalt 7440-48-4 0.001 mg/L <0.001 0.003




Page c40f5

Work Order - EB1309671

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS
Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER)

Client sample ID

Client sampling date / time

TAR249-C

TARO053

22-APR-2013 10:30

22-APR-2013 13:15

Compound

EGO020F: Dissolved Metals by ICP-MS - Continued

CAS Number

Unit

EB1309671-001

EB1309671-002

<0.001

Chromium 7440-47-3 | 0.001 mg/L <0.001
Copper 7440-50-8 = 0.001 mg/L 0.001 <0.001
Manganese 7439-96-5  0.001 mg/L 0.003 0.029
Nickel 7440-02-0 = 0.001 mg/L 0.001 0.004
Lead 7439-92-1 | 0.001 mg/L <0.001 <0.001 —- —-
Vanadium 7440-62-2 0.01 mg/L <0.01 <0.01 — —
Zinc 7440-66-6 | 0.005 mg/L 0.008 <0.005 — —
Molybdenum 7439-98-7  0.001 mg/L 0.011 0.003
Selenium 7782-49-2 0.01 mg/L <0.01 <0.01 — —
Uranium 7440-61-1 | 0.001 mg/L <0.001 <0.001 — —-
Boron 7440-42-8 | 0.05 mg/L 0.05 0.06
Aluminium 7429-90-5 0.01 mg/L 1.88 0.04 — —
Antimony 7440-36-0 = 0.001 mg/L 0.001 <0.001
Arsenic 7440-38-2 0.001 mg/L 0.002 0.004
Barium 7440-39-3 0.001 mg/L 0.052 0.343
Beryllium 7440-41-7 | 0.001 mg/L <0.001 <0.001 —— —
Cadmium 7440-43-9 | 0.0001 mg/L <0.0001 <0.0001 —— —
Cobalt 7440-48-4 | 0.001 mg/L 0.002 0.003
Chromium 7440-47-3 | 0.001 mg/L 0.016 <0.001
Copper 7440-50-8 | 0.001 mg/L 0.017 <0.001
Manganese 7439-96-5 0.001 mg/L 0.067 0.030
Nickel 7440-02-0 = 0.001 mg/L 0.019 0.004
Lead 7439-92-1  0.001 mg/L 0.008 <0.001
Vanadium 7440-62-2 0.01 mg/L <0.01 <0.01
Zinc 7440-66-6 | 0.005 mg/L 0.160 <0.005
Molybdenum 7439-98-7 | 0.001 mg/L 0.014 0.004
Selenium 7782-49-2 0.01 mg/L <0.01 <0.01
Uranium 7440-61-1 | 0.001 mg/L <0.001 <0.001
Boron 7440-42-8 | 0.05 mg/L 0.07 0.06

EGO035F: Dissolved Mercury by FIMS 4

7439-97-6  0.0001 |

| Mercury

mg/L

<0.0001

<0.0001

EGO035T: Total Recoverable Mercury by FIMS
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Work Order - EB1309671

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS

Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID TAR249-C TAR053 — i —-

Client sampling date / time 22-APR-2013 10:30 22-APR-2013 13:15

Compound CAS Number

Unit EB1309671-001 EB1309671-002

EGO035T: Total Recoverable Mercury by FIMS - Continued

| Mercury 7439-97-6 00001 | mglL | <0.0001 | <0.0001

EG051G: Ferrous Iron by Discrete Analyser

| Ferrous Iron — 0.05 ‘ mg/L I <0.05 | 1.29

EKO040P: Fluoride by PC Titrator

| Fluoride 16984-48-8 01 | mglL | 0.4 | 0.5

EK055G: Ammonia as N by Discrete Analyser

| Ammonia as N 7664-41-7 ‘ 0.01 ‘ mg/L I 0.26 | 0.38 ---- - -
EKO057G: Nitrite as N by Discrete Analyser '

| Nitrite as N 001 | mgL | <0.01 | <0.01
EK058G: Nitrate as N by Discrete Analyser |

| Nitrate as N 14797-55-8 001 | mgL | 0.02 | <0.01

EKO059G: Nitrite plus Nitrate as N (NOx) by Discrete Analyser

001 | mglL | 0.02 | <0.01

| Nitrite + Nitrate as N

EKO061G: Total Kjeldahl Nitrogen By Discrete Analyser

| Total Kjeldahl Nitrogen as N - 1.0 | 0.5

EKO062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

! Total Nitrogen as N —| 01 | mgL | 1.0 | 0.5 — -
EK067G: Total Phosphorus as P by Discrete Analyser .

| Total Phosphorus as P —| 001 | mgL | 0.08 | 0.08 — —
EKO071G: Reactive Phosphorus as P by discrete analyser .

| Reactive Phosphorus as P 14265-44-2 001 | mgL | <0.01 | <0.01 — —
ENO55: lonic Balance [
Total Anions J— 0.01 meq/L 7.72 10.5 — —
Total Cations J— 0.01 meq/L 7.43 10.5 — —

lonic Balance — 0.01 % 1.91 0.27
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ALS Laboratory: please tick -

O Sydney: 277 Woodpark Rd, Smithfield NSW 2176 B{sbans: 32 Shand St, Stafford QLD 4053
Ph: 02 8784 8555 E:samples.sydney@alsenviro.com Ph:07 3243 7222 E:samples brisbane@alsenviro.com

O Newcastle: 5 Rosegum Rd, Warabrook NSW 2304 B Townsville: 14-15 Desma Ct, Bohle QLD 4818

O Melbourne: 2-4 Westall Rd, Springvale VIC 3171

Ph:03 8549 9600 E: samples.melbourne@alsenviro.com

O Adelaide: 2-1 Burma Ril, Pooraka SA 5065

O Perth: 10 Hod Way, Malaga WA 6096

Ph: 08 9209 7655 £: samples perth@alsenviro.com
oL 7 Wellington St, L TAS 7250
Ph: 03 6331 2158 E: launceston@alsenviro.com

ALS Ph:02 4962 9433 E:samples.newcastie@alsenviro.com Ph:07 4796 0600 E: townsvifle environmental@alserviro.com Ph: 03 8359 0890 E:adelaide@alsenviro.com
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.~ Environmental Division

Work Order

EB1309871

Brisbane

IR -

Telephone : +61-7-3243 7222 ’

Water Container Codes: P = Unpreserved Plastic; N = Nitric Preserved Plastic; ORC = Nitric Preserved ORC; SH = Sodium

V = VOA Vial HCI Preserved; VB = VOA Vial Sodium Bisulphate Preserved; VS = VOA Vial Sulfuric Preserved: AV = Airfrelght Unpreserved Vial SG = Sulfuric Preserved Amber

Hydroxide/Cd Preserved; S = Sodium Hydroxide Preserved Plastic, AG = Amber Giass Unpreserved;

2 = Zinc Acetate Preserved Bottle; E = EDTA Preserved Bottles; ST = Sterile Bottle; ASS = Plastic Bag for Acid Sulphate Soils; B = Unpreserved Bag.

P - Airfreight Unpreserved Plastic
Glass; H = HCl preserved Plastic; HS = HCI preserved Speciation bottie; SP = Sulfuric Preserved Plastic; F = Formaldehyde Preserved Glass;
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release.

This Certificate of Analysis contains the following information:

® General Comments
® Analytical Results

*EB1309871
: AUST GROUNDWATER & ENVIRO CONSULTANTS
: MR CRAIG VINCENT
: LEVEL 2, 15 MALLON STREET
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. +61 07 32572088
: G1588 Taroborah
: G1588

: C.Vincent/C.Breislin

: BN/735/11 V2

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All
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: 2 Byth Street Stafford QLD Australia 4053
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: 24-APR-2013
: 03-MAY-2013

1
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Work Order - EB1309871
Client . AUST GROUNDWATER & ENVIRO CONSULTANTS
Project - G1588 Taroborah

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM.

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.
Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component has been assumed by the laboratory for processing purposes.

Key : CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting
A = This result is computed from individual analyte detections at or above the level of reporting

® EAO016: Calculated TDS is determined from Electrical conductivity using a conversion factor of 0.65.

A NATA Accredited Laboratory 825 Signatories
This document has been electronically signed by the authorized signatories
N AT A Accredited for compliance with compliance with procedures specified in 21 CFR Part 11.
ISO/IEC 17025. Signatories Position

v Jonathon Angell Inorganic Coordinator

WORLD RECOGNISED
ACCREDITATION

Kim McCabe Senior Inorganic Chemist

indicated below. Electronic signing has been carried out

Accreditation Category

Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics
Brisbane Inorganics

In house

in
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Work Order - EB1309871

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS

Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID TARO16_CR

Client sampling date / time 23-APR-2013 10:40 -—-

Unit EB1309871-001 —

Compound CAS Number

EAO005P: pH by PC Titrator

| pH Value —-| 001 | pHUnt | 7.59 |

EA006: Sodium Adsorption Ratio (SAR)

| Sodium Adsorption Ratio w001 - | 1.97 | —

EAO010P: Conductivity by PC Titrator

| Electrical Conductivity @ 25°C 1 wSlm | 1290 |

EA016: Non Marine - Estimated TDS Salinity

| Total Dissolved Solids (Calc.) — 1 mgL | 838 |
EA025: Suspended Solids B

| Suspended Solids (SS) — 5 | mgL | 11 | — — .
EA065: Total Hardness as CaCO3 .

| Total Hardness as CaCO3 — 1 mgL | 459 | — — —

EDO037P: Alkalinity by PC Titrator

Hydroxide Alkalinity as CaCO3 DMO-210-001 1 mg/L <1 — — —
Carbonate Alkalinity as CaCO3 3812-32-6 1 mg/L <1 — — —
Bicarbonate Alkalinity as CaCO3 71-52-3 1 mg/L 537 — — —
Total Alkalinity as CaCO3 — 1 mg/L 537 - - — —

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

| Sulfate as SO4 - Turbidimetric 14808-79-8 ‘ ‘ mg/L | 22 | — — — —
EDO045G: Chloride Discrete analyser i
| Chloride 16887-00-6 mgll | 117 |

EDO093F: Dissolved Major Cations

Calcium 7440-70-2 1 75 — — —
Magnesium 7439-95-4 1 mg/L 66 —— — —-
Sodium 7440-23-5 1 mg/L 97
Potassium 7440-09-7 1 mg/L 3
EGO020F: Dissolved Metals by ICP-MS i

Aluminium 7429-90-5 0.01 mg/L <0.01 —— — —-
Antimony 7440-36-0  0.001 mg/L <0.001
Arsenic 7440-38-2 | 0.001 mg/L 0.001
Barium 7440-39-3  0.001 mg/L 0.121
Beryllium 7440-41-7 = 0.001 mg/L <0.001
Cadmium 7440-43-9 | 0.0001 mg/L <0.0001
Cobalt 7440-48-4 @ 0.001 mg/L 0.002
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Work Order - EB1309871

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS

Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID TARO16_CR

Client sampling date / time

23-APR-2013 10:40

Compound

EGO020F: Dissolved Metals by ICP-MS - Continued

CAS Number

Unit

EB1309871-001

Chromium 7440-47-3 | 0.001 mg/L <0.001
Copper 7440-50-8 | 0.001 mg/L <0.001
Manganese 7439-96-5 | 0.001 mg/L 0.051
Nickel 7440-02-0 | 0.001 mg/L 0.002
Lead 7439-92-1 | 0.001 mg/L <0.001
Vanadium 7440-62-2 0.01 mg/L <0.01 — — —
Zinc 7440-66-6 | 0.005 mg/L 0.005 —— —- —-
Molybdenum 7439-98-7 | 0.001 mg/L 0.002 — — —-
Selenium 7782-49-2 0.01 mg/L <0.01 — — —
Uranium 7440-61-1 | 0.001 mg/L 0.010 — — —-
Boron 7440-42-8 0.05 mg/L 0.10 — — —-
Aluminium 7429-90-5 0.01 mg/L 0.26 — — —-
Antimony 7440-36-0 | 0.001 mg/L <0.001 — — —-
Arsenic 7440-38-2 | 0.001 mg/L 0.002 — — —-
Barium 7440-39-3 | 0.001 mg/L 0.125 — — —-
Beryllium 7440-41-7 | 0.001 mg/L <0.001 — —— —
Cadmium 7440-43-9 | 0.0001 mg/L <0.0001 — — —
Cobalt 7440-48-4 | 0.001 mg/L 0.002 — —— —
Chromium 7440-47-3 | 0.001 mg/L <0.001 — — —-
Copper 7440-50-8 | 0.001 mg/L <0.001
Manganese 7439-96-5 | 0.001 mg/L 0.052
Nickel 7440-02-0 | 0.001 mg/L 0.002
Lead 7439-92-1 | 0.001 mg/L 0.001
Vanadium 7440-62-2 0.01 mg/L <0.01
Zinc 7440-66-6 = 0.005 mg/L 0.010
Molybdenum 7439-98-7 | 0.001 mg/L 0.002
Selenium 7782-49-2 0.01 mg/L <0.01 J— —- —
Uranium 7440-61-1 | 0.001 mg/L 0.010
Boron 7440-42-8 . 0.05 mg/L 0.10

EGO035F: Dissolved Mercury by FIMS
| Mercury

7439-97-6  0.0001 |

mg/L

<0.0001

EGO035T: Total Recoverable Mercury by FIMS
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Work Order - EB1309871

Client . AUST GROUNDWATER & ENVIRO CONSULTANTS

Project - G1588 Taroborah

Analytical Results

Sub-Matrix: WATER (Matrix: WATER) Client sample ID TARO16_CR

Client sampling date / time 23-APR-2013 10:40 -—-

Unit EB1309871-001 —

Compound CAS Number

EGO035T: Total Recoverable Mercury by FIMS - Continued

| Mercury 7439-97-6 00001 | mglL | <0.0001 |

EG051G: Ferrous Iron by Discrete Analyser

| Ferrous Iron | 0.05 ‘ mg/L I 0.22 | —

EGO051GUF: Ferrous Iron by Discrete Analyser - Unfiltered

| Ferrous Iron - 0.05 ‘ mg/L I 0.20 | —

EKO040P: Fluoride by PC Titrator

| Fluoride 16984-48-8 01 | mglL | 0.5 |

EK055G: Ammonia as N by Discrete Analyser

| Ammonia as N 7664-41-7 ‘ 0.01 ‘ mg/L I 0.02 | - ---- - -
EKO057G: Nitrite as N by Discrete Analyser |

| Nitrite as N 001 | mgL | <0.01 |
EKO058G: Nitrate as N by Discrete Analyser

| Nitrate as N 14797-55-8 001 | mgL | 0.02 |

EKO059G: Nitrite plus Nitrate as N (NOx) by Discrete Analyser

| Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

| Total Kjeldahl Nitrogen as N ——--

EKO062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

0.2

r‘ Total Nitrogen as N - 0.1 mg/L

EKO067G: Total Phosphorus as P by Discrete Analyser

| |
| Total Phosphorus as P — 0.01 ‘ mg/L I <0.01

EKO071G: Reactive Phosphorus as P by discrete analyser .

| Reactive Phosphorus as P 14265-44-2 ‘ 0.01 ‘ mg/L I <0.01 | —-

ENO055: lonic Balance .
Total Anions J— 0.01 meq/L 14.5 J— — —
Total Cations — | 0.01 meq/L 13.5 — — _—

lonic Balance - 001 % 3.65 -
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Appendix A-3

FALLING-HEAD PERMEABILITY RESULTS AND ANALYSIS
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AGE Consultants

Level 2, 15 Mallon Street

Slug Test Analysis Report

Bowen Hills, QLD 4006 Project: Taroborah

Number: G1588

Client: AustralAsian Resource Consultants

Location: Taroborah | Slug Test: MB0O1_B Test Well: MBO1_B
Test Conducted by: Chris Test Date: 19/04/2013
Analysis Performed by: Chris | MBO01_B Analysis Date: 3/05/2013
Aquifer Thickness: 10.00 m
Time [s]
0 400 800 1200 1600 2000
| | | |
1 R
(=] i
S
~
= i
0.1
Calculation using Hvorslev
Observation Well Hydraulic
Conductivity
[m/d]
MBO1_B 5.53 x 10




AGE Consultants Slug Test Analysis Report

Level 2, 15 Mallon Street .

Bowen Hills, QLD 4006 Project: Taroborah

Number: G1588
g - . .
Waren s o™ Client:  AustralAsian Resource Consultants

Location: Taroborah | Slug Test: MB02_C Test Well: MB02_C
Test Conducted by: CV/CB Test Date: 21/04/2013
Analysis Performed by: Craig | MB02_C Analysis Date: 14/05/2013

Aquifer Thickness: 3.00 m

0 1400 2800 4200 5600 7000
| | |

h/hoO

0.01
o MB02_C
Calculation using Hvorslev
Observation Well Hydraulic
Conductivity
[m/d]

MB02_C 2.33 x 102




AGE Consultants Slug Test Analysis Report

Level 2, 15 Mallon Street .
Bowen Hills, QLD 4006 Project: Taroborah

Number: G1588

omaren s oo Client:  AustralAsian Resource Consultants
Location: Taroborah | Slug Test: MB02_S Test Well: MB02_S
Test Conducted by: CV/CB Test Date: 21/04/2013
Analysis Performed by: Chris | MB02_S Analysis Date: 3/05/2013

Aquifer Thickness: 50.00 m

Time [s]
0 20 40 60 80 100
|

0.1

h/hoO

0.01

Calculation using Hvorslev

Observation Well Hydraulic
Conductivity

[m/d]

MB02_S 1.68 x 10°




AGE Consultants Slug Test Analysis Report

Level 2, 15 Mallon Street .

Bowen Hills, QLD 4006 Project: Taroborah

Number: G1588
g - . .
Waren s o™ Client:  AustralAsian Resource Consultants

Location: Taroborah | Slug Test: MB03_S Test Well: MB03_S
Test Conducted by: CV/CB Test Date: 20/04/2013
Analysis Performed by: Chris | MBO03_S Analysis Date: 2/05/2013

Aquifer Thickness: 7.00 m

Time [s]
0 1000 2000 3000 4000 5000
| | |

h/hoO

0.1
= MB0O3_S

Calculation using Hvorslev

Observation Well Hydraulic
Conductivity

[m/d]

MB03_S 1.12 x 10%




AGE Consultants Slug Test Analysis Report

Level 2, 15 Mallon Street .
Bowen Hills, QLD 4006 Project: Taroborah

Number: G1588

omaren s oo Client:  AustralAsian Resource Consultants
Location: Taroborah | Slug Test: MB04_C Test Well: MB04_C
Test Conducted by: CB/CV Test Date: 26/04/2013
Analysis Performed by: Chris | MB04_C Analysis Date: 3/05/2013

Aquifer Thickness: 2.00 m

Time [s]
1000 2000 3000 4000 5000
| | | |

o

0.1

h/hoO

0.01

= MB04_C

Calculation using Hvorslev

Observation Well Hydraulic
Conductivity

[m/d]

MB04_C 4.79 x 102




AGE Consultants Slug Test Analysis Report

Level 2, 15 Mallon Street .

Bowen Hills, QLD 4006 Project: Taroborah

Number: G1588
g - . .
Waren s o™ Client:  AustralAsian Resource Consultants

Location: Taroborah | Slug Test: MB04_S Test Well: MB04_S
Test Conducted by: CV/CB Test Date: 25/04/2013
Analysis Performed by: Chris | MB04_S Analysis Date: 2/05/2013

Aquifer Thickness: 56.00 m

Time [s]
0 100 200 300 400 500
| | | |

0.1

h/hoO

0.01
o MB04_S

Calculation using Hvorslev

Observation Well Hydraulic
Conductivity

[m/d]

MB04_S 263 x 10"




AGE Consultants Slug Test Analysis Report

Level 2, 15 Mallon Street .

Bowen Hills, QLD 4006 Project: Taroborah

Number: G1588
g - . .
Waren s o™ Client:  AustralAsian Resource Consultants

Location: Taroborah | Slug Test: MB05_C Test Well: MB05_C
Test Conducted by: CV/CB Test Date: 21/04/2013
Analysis Performed by: Chris | MBO05_C Analysis Date: 3/05/2013

Aquifer Thickness: 2.00 m

0 200 400 600 800 1000
| | |

h/hoO

0.01
o MBO5_C

Calculation using Hvorslev

Observation Well Hydraulic
Conductivity

[m/d]

MBO5_C 1.73x 10"




AGE Consultants Slug Test Analysis Report

Level 2, 15 Mallon Street .
Bowen Hills, QLD 4006 Project: Taroborah

Number: G1588

“omaree s oot Client:  AustralAsian Resource Consultants
Location: Taroborah | Slug Test: MB08_B Test Well: MB08_B

Test Conducted by: CV/CB Test Date: 19/04/2013
Analysis Performed by: Chris | MB08_B Analysis Date: 3/05/2013

Aquifer Thickness: 22.00 m

0 200 400 600 800 1000
| | |

0.1

0.01

Ialla)
7 1O

0.001

0.0001
o MB08_B

Calculation using Hvorslev

Observation Well Hydraulic
Conductivity

[m/d]

MB08_B 1.25 x 10"




AGE Consultants
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Level 2, 15 Mallon Street
Bowen Hills, QLD 4006

Slug Test Analysis Report

Project: Taroborah

Number: G1588

Client: AustralAsian Resource Consultants

Location: Taroborah

| Slug Test: MB09_T Test Well: MB09_ T

Test Conducted by: CV/CB

Test Date: 19/04/2013

Analysis Performed by: Chris

Analysis Date: 2/05/2013

| MBo9_T

Aquifer Thickness: 14.00 m

o

10

Time [s]
20 30 40 50

0.1

h/hoO

0.01

o MBOS_T

Calculation using Bouwer & Rice

Observation Well

Hydraulic
Conductivity

[m/d]

MBO09_T

2.00 x 10°
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AGE Consultants
Level 2, 15 Mallon Street .
Bowen Hills, QLD 4006 Project: Taroborah

Slug Test Analysis Report

Number: G1588

Client: AustralAsian Resource Consultants

Location: Taroborah | Slug Test: MB10_T Test Well: MB10_ T
Test Conducted by: CV/CB Test Date: 23/04/2013
Analysis Performed by: Chris | MB10_T Analysis Date: 3/05/2013
Aquifer Thickness: 8.50 m
Time [s]
0

1200 1800 2400 3000
| | |

h/hoO

0.01
o MB10_T

Calculation using Bouwer & Rice

Observation Well

Hydraulic
Conductivity

[m/d]

MB10_T

2.60 x 107
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AGE Consultants
Level 2, 15 Mallon Street .
Bowen Hills, QLD 4006 Project: Taroborah

Slug Test Analysis Report

Number: G1588

Client: AustralAsian Resource Consultants

Location: Taroborah | Slug Test: TAR016_CR Test Well: TAR016_C
Test Conducted by: CV/CB Test Date: 17/04/2013
Analysis Performed by: Chris | TARO16_C Analysis Date: 3/05/2013
Aquifer Thickness: 20.00 m

Time [s]

80 100

h/hoO

0.1

o TARO16_C

Calculation using

Hvorslev

Observation Well

Hydraulic
Conductivity

[m/d]

TARO16_C

3.00 x 10°




AGE Consultants Slug Test Analysis Report

Level 2, 15 Mallon Street .
Bowen Hills, QLD 4006 Project: Taroborah

Number: G1588

onaren s o™ Client:  AustralAsian Resource Consultants
Location: Taroborah | Slug Test: TAR053 Test Well: TAR053
Test Conducted by: CV/CB Test Date: 3/05/2013
Analysis Performed by: Chris | TARO053 Analysis Date: 3/05/2013

Aquifer Thickness: 20.00 m

Time [s]
0 70
1
2
~ 0 1 ]
< ]
VVW
0.01
v TARO53
Calculation using Hvorslev
Observation Well Hydraulic
Conductivity
[m/d]

TAR053 9.10 x 10




AGE Consultants Slug Test Analysis Report

Level 2, 15 Mallon Street .
Bowen Hills, QLD 4006 Project: Taroborah

Number: G1588

omaren s oo Client:  AustralAsian Resource Consultants
Location: Taroborah | Slug Test: TAR176_C Test Well: TAR176_C
Test Conducted by: CV/CB Test Date: 17/04/2013
Analysis Performed by: Chris | TAR176_C Analysis Date: 3/05/2013

Aquifer Thickness: 20.00 m

Time [s]
0 400 800 1200 1600 2000
| | | |

0.1

h/hoO

0.01

o TAR176_C

Calculation using Hvorslev

Observation Well Hydraulic
Conductivity

[m/d]

TAR176_C 5.40 x 10




AGE Consultants
Level 2, 15 Mallon Street
Bowen Hills, QLD 4006
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Slug Test Analysis Report

Project: Taroborah

Number: G1588

Client: AustralAsian Resource Consultants

Location: Taroborah | Slug Test: TAR177_C Test Well: TAR177_C

Test Conducted by: CV/CB

Test Date: 17/04/2013

Analysis Performed by: Chris | TAR177_C

Analysis Date: 3/05/2013

Aquifer Thickness: 20.00 m

1200 1600 2000
| |

0.1

h/hoO

0.01

0.001
o TAR177_C

Calculation using Hvorslev

Observation Well Hydraulic
Conductivity

[m/d]

TAR177_C 1.30 x 10




AGE Consultants Slug Test Analysis Report

Level 2, 15 Mallon Street .
Bowen Hills, QLD 4006 Project: Taroborah

Number: G1588

“omaree s oot Client:  AustralAsian Resource Consultants
Location: Taroborah | Slug Test: TAR249_C Test Well: TAR249 C
Test Conducted by: CV/CB Test Date: 20/04/2013
Analysis Performed by: Chris | TAR249 C Analysis Date: 3/05/2013

Aquifer Thickness: 20.00 m

Time [s]
0 600 1200 1800 2400 3000
| | | |

h/hoO

0.01
o TAR249_C

Calculation using Hvorslev

Observation Well Hydraulic
Conductivity

[m/d]

TAR249 C 3.00 x 102




Appendix A-4

LANDHOLDER BORE CENSUS SHEETS




)

Uy W
"o €
Warep & envinO™

Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055  Mobile

: 0438341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC

Thomas Muehe

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

DERM

Property Details
Lot
Plan

Property Name road reserve

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

13020220
WGS 84
600036
7402233
200
Destroyed

No

Photographs

Comments
- Bore has been destroyed
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC Client Bore Reference

Thomas Muehe

Landholder Details
Name
Postal Address
Telephone
Mobile

Property Details
Andrew Chapman Lot

Plan

Property Name Airlie Station

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Photographs

37769
WGS 84
596523
7387519
260 m
Not in use

No
Pre - 1966

Steel

No

Not in use

Stock

Not equiped

Not in use
1267
7.19

Comments

- According to Landholder the bore was low yielding
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Mobile: 0438 341727 Fax: 07 3257 2088

Phone: 07 3257 2055

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC

Thomas Muehe

Client Bore Reference

Landholder Details

Property Details

Name Andrew Chapman Lot
Postal Address Plan
Telephone Property Name Airlie Station
Mobile
Bore Identification Photographs

Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

37770
WGS 84
592914
7386412
229 m
In use

No
Pre - 1966

Steel

No

Daily

Stock

Jet pump

Petrol

200 - 300

4 paddocks
10,000 gallon tank
1.29

0.98

Comments




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Mobile: 0438 341727 Fax: 07 3257 2088

Phone: 07 3257 2055

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
16/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Ben Prewett

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Anakie Creek Bore

UTM Z55
584863
7388596
262 m
Not in use

Yes
2006
12m, 33 m

37m

PVC
125 mm
No

Not in use

Never used

Yes

Photographs

Comments

- Bore never equiped, back up bore

- Log available
- Likely screening Basalt




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
16/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Ben Prewett

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Anakie tank bore

UTM Z55
583773
7388873
268 m

In Use

No
1996/97
35 ft

87 ft

PVC
150 mm
No

Daily

Stock

Submersible
Mono-line pump
110,000 L tank

In use
2115
7.6
23.8
1404
No

Photographs

Comments

- Field reading taken from storage tank which bore feeds into.
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
16/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Ben Prewett

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Bore SW of Limestone

UTM Z55
589127
7387106
235m

In use

No
2001/02
24.5

51.2

PVC
125 mm
No

Monthly
500 gallons/hour
Stock

Jack pump
Petrol motor

Photographs

Comments
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
16/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Ben Prewett

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Bull paddock bore
44475

UTM Z55
583703
7390734
269 m
Not in use

No
Pre - 1979

Estimated 120 ft

Steel
150 mm
No

Not in use currently

Stock watering

54.9
2.9
0.4

No

Photographs

Comments

- Not in use at the moment although a submersible has been used in the past.
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
16/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Ben Prewett

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Cotton Seed Shed

UTM Z55
587875
7387322
257 m
Not in use

Yes
26/01/2000

140 ft
Bluestone (Basalt)

PVC
125 mm
No

Not in use
1700 Gallons/hour

11.6
0.4

Yes

Photographs

Comments

- Landholder didn't know that 103504 exists. He thought it was a failed abandoned bore.
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Australasian Groundwater and Environmental Consultants Pty Ltd

Level 2, 15 Mallon Street,
Phone: 07 3257 2055

Bowen Hills, QLD 4006, Australia
Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC

Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Ben Prewett

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Domestic bore

UTM Z55
584132
7390174
275m

In use

No
1986/87
40 ft

100 ft

Steel
150 mm
No

Daily
~500 gallons/hour
Domestic supply

Submersible
Yes

7500 Gallon tank
11.6m

0.32

In Use

1360

7.2

27.3

845

No

Photographs

Comments

- When drilled water came up to 40 ft (WL), when in drought WL down to 70 ft.
- Casing 20 ft down to bluestone (Basalt) then open hole below that.
- Not used for drinking. Rainwater used for drinking.




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
16/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Ben Prewett

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

John Paul's Bore

UTM Z55
587605
7386451
256 m

In use

No
1/02/1999
86 ft

128 ft

PVC
125 mm
No

Weekly
940 Gallons/hour
Stock

Submersible
Mono-line

7000 Gallon tank x3

No

Photographs

Comments

- Frequency of use dependent upon cattle. Sometimes daily, sometimes monthly.
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
16/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Ben Prewett

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Little Phil's bore
44470

UTM Z55
588108
7388433

258 m

Not in use

No
Pre - 1979

54.3

Steel
150 mm
No

Not in use

Never used

No

Photographs

Comments
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
16/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Ben Prewett

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

444715
UTM Z55
588060
7388392
260 m
Not in use

No
Pre - 1979

91.4

Steel
125 mm
No

Not in use

Stock

No

Photographs

Comments

- Likely screening fractured Basalt, may have been drilled in 1900

- Probably will not be used again




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055  Mobile

: 0438341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
16/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Ben Prewett

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

N/A

UTM Z55
583663
7390526
276 m
Not in use

No
Pre - 1979

Steel
100 mm
No

Photographs

Not in use

Not in use

No

Comments

- Landholder plans to remove the bore
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
16/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Ben Prewett

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Bore

UTM Z55
583667
7389075
274 m
Not in use

No
Pre - 1979

Steel
125 mm
No

Not in use

Stock

Pump Jack
Yes

3.66
0.15
Not in use

No

Photographs

Comments

- Landholder may use bore in the future




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088
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Groundwater Bore Census

Client AARC Client Bore Reference
Census Date 16/04/2013
AGE Personnel Craig Vincent
Landholder Details Property Details
Name Ben Prewett Lot
Postal Address Plan
Telephone Property Name
Mobile
Bore Identification Photographs
Landholder bore name Windmill well
QLD NRW registered number 44474
QLD NRW water licence number -
Coordinate Datum UTM Z55
Latitude 583089
Longitude 7391287
Elevation 272 m
Bore Status Not in use
Bore Construction Details
Drilling and construction records available No
Date drilled/constructed Pre - 1979

Depth at which water was struck (m) -
Airlift yield at time of drilling (L/s) -
Total depth of bore (m) -
Geological Formation Screened -

Bore Casing
Material steel
Diameter -
Artesian No
Bore Pump Details
Frequency of use Not in use
Typical pumping rate -
Purpose / Use of Bore Stock watering
Data Collected While On Site
Pumping equipment None

Power supply -
No. Stock on bore -
No. Of troughs -
Storage type/volume -
Total depth of bore (m) 12.2
Depth to water (m below ref) -
Height of Ref ( m above groundlevel) -
Pump status -
Electrical Conductivity (uS/cm) -
pH -
Temperature (°C) -
Total Dissolved Solids (mg/L) -
Drilling and construction records No

Comments
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
20/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Bill Crowther

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Bottom Paddock Bore
103908

UTM Z55

589653

7403718

213 m

In use

No

4-5m

~18 m

PVC
150 mm
No

1 hour/day
5000 L/hr
Stock water

Submersible pump
Solar pannels/petrol
1000 breeding cows
Many

Feeds Turkeys nest

In use
1407
7.74
23.5
942
No

Photographs

Comments

- Water feeds stock across whole property

- WQ from trough ~50 m away. Water quite greenish with moss/alge
- Pumps everyday, so difficult to estimate how stagnant the water has been.
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
20/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Bill Crowther

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (1S/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Kubota bore
89387

UTM Z55

1 hour per day
2500 L/hr
Stock watering

Submersible pump

4 (2 more coming)
2x 50,000 L tanks

Photographs

Comments

- Bore was not accessible. Track to the bore too muddy at creek crossing.

- The bore supplies ~1/3 of the farm.




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
19/04/2013
Craig Vincent

Client Bore Reference

Landholder Details

Property Details

Name Bob Ingram Lot
Postal Address Plan
Telephone Property Name
Mobile
Bore Identification Photographs
Landholder bore name -
QLD NRW registered number 47228
QLD NRW water licence number -
Coordinate Datum UTM Z55
Latitude 610828
Longitude 7398058
Elevation 214 m
Bore Status Not in use
Bore Construction Details
Drilling and construction records available No
Date drilled/constructed Pre - 1979
Depth at which water was struck (m) -
Airlift yield at time of drilling (L/s) -
Total depth of bore (m) -
Geological Formation Screened -
Bore Casing
Material Steel
Diameter 150 mm
Artesian No
Bore Pump Details
Frequency of use Not in use

Typical pumping rate

Purpose / Use of Bore

Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Windmill (broken)
N/A

No

Comments

- Not in use, unlikely to be in use in the future. Bore is dry and windmill broken.




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088
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Groundwater Bore Census

Client AARC Client Bore Reference
Census Date
AGE Personnel Thomas Muehe
Landholder Details Property Details
Name C.G. Fernie Lot
Postal Address Plan
Telephone Property Name Yarrawonga
Mobile
Bore Identification Photographs
Landholder bore name -
QLD NRW registered number 67303
QLD NRW water licence number -
Coordinate Datum WGS 84
Latitude 595087
Longitude 7394403
Elevation 222 m
Bore Status In use
Bore Construction Details
Drilling and construction records available No

Date drilled/constructed -
Depth at which water was struck (m) -
Airlift yield at time of drilling (L/s) -
Total depth of bore (m) -
Geological Formation Screened -

Bore Casing
Material Steel
Diameter -
Artesian No

Bore Pump Details
Frequency of use -
Typical pumping rate -

Purpose / Use of Bore Stock

Data Collected While On Site
Pumping equipment -
Power supply -
No. Stock on bore -
No. Of troughs -
Storage type/volume -
Total depth of bore (m) -
Depth to water (m below ref) -
Height of Ref (m above groundlevel) 0.22
Pump status -
Electrical Conductivity (1S/cm) -
pH -
Temperature (°C) -
Total Dissolved Solids (mg/L) -
Drilling and construction records -

Comments
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
20/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Mike Walther

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Community Bore

UTM Z55
599193
7396249
248 m

In use

No
1980's

405 ft

Unable to see

No

Daily
1000 Gallons/hour
Domestic/Stock

Submersible pump
Electrical

~150

3
Tank, ~50,000 L

Unable to measure
In use

997

7.45

25.1

650

No

Photographs

L.
]

Comments

- WQ readings from storage tank by lowering bailer down

- Stan Knight drilled the bore when he

- Cased down to ~380 ft, capable of pumping at 1700 Gallons/hour
- Plenty of water at ~280 ft but drilled further anyway
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055  Mobile

: 0438341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
19/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Craig McCamley

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

47225

UTM Z55
607229
7399101

208 m

Could not locate
N/A

Photographs

Not in use

Not in use

No

Comments

- Could not locate a bore. There was a "turkey's nest" type depression a few hundred metres away.
- Landholder says it fills up with water occasionally, even when not raining. Possible spring?




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC

Thomas Muehe

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Craig McCamley

Property Details
Lot
Plan
Property Name Selma

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

47221
WGS 84
605177
7398398
233

Not in use

No

9.66

Steel

No

Not in use

Not equipped

9.66
9.66 (dry)
0.24

Photographs

Comments
- Bore was dry




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
: 0438 341727 Fax: 07 3257 2088

Phone: 07 3257 2055  Mobile

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC

Thomas Muehe

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Craig McCamley

Property Details
Lot
Plan
Property Name Selma

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

47238
WGS 84
605840
7400508
207 m

In use

No
1975

78

Steel

No

Photographs

Twice weekly

Domestic

Submersible pump
Yes

7000 Gallon tank
~20

0.06

In use

506

7

Comments
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
21/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Dan McQuire

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

90250
UTM Z55
588803
7398913
216 m

In use

Steel
150 mm

Submersible pump

Petrol motor

Photographs

Comments

- Landholder was not present at the time of the visit, unable to attain information on bore use.
- No troughs nearby although could be pumping to turkeys nest at coordinates: 0588364 E, 7399246 N




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
19/04/2013
Craig Vincent

Client Bore Reference

Landholder Details

Property Details

Name Government Lot
Postal Address Plan
Telephone Property Name
Mobile
Bore Identification Photographs
Landholder bore name -
QLD NRW registered number 13020071
QLD NRW water licence number -
Coordinate Datum UTM Z55
Latitude 609322
Longitude 7399195
Elevation 215m
Bore Status DERM Bore

Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Steel surface casing
150 mm
No

Once a year

Monitoring Bore

N/A

Comments

- Old DERM monitoring bore, visited once a year.
- Bore locked so unable to take water level measurement.
- Water levels and construction details may be available from DERM website.




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Mobile: 0438 341727 Fax: 07 3257 2088

Phone: 07 3257 2055

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
19/04/2013
Craig Vincent

Client Bore Reference

Landholder Details

Property Details

Name Government Lot
Postal Address Plan
Telephone Property Name
Mobile
Bore Identification Photographs
Landholder bore name -
QLD NRW registered number 13020086
QLD NRW water licence number -
Coordinate Datum UTM Z55
Latitude 609311
Longitude 7399819
Elevation 227 m
Bore Status DERM Bore

Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Steel surface casing
150 mm
No

Once a year

Monitoring Bore

N/A

Comments

- Old DERM monitoring bore, visited once a year.
- Bore locked so unable to take water level measurement.

- Water levels and construction details may be available from DERM website.
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Mobile: 0438 341727 Fax: 07 3257 2088

Phone: 07 3257 2055

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
19/04/2013
Craig Vincent

Client Bore Reference

Landholder Details

Property Details

Name Government Lot
Postal Address Plan
Telephone Property Name
Mobile
Bore Identification Photographs
Landholder bore name - 3 s
QLD NRW registered number 13020090 E™8
QLD NRW water licence number -
Coordinate Datum UTM Z55
Latitude 607703
Longitude 7400986
Elevation 195m
Bore Status DERM Bore
Bore Construction Details
Drilling and construction records available -
Date drilled/constructed -
Depth at which water was struck (m) -
Airlift yield at time of drilling (L/s) -
Total depth of bore (m) -
Geological Formation Screened -
Bore Casing
Material Steel
Diameter 150 mm
Artesian No
Bore Pump Details
Frequency of use N/A
Typical pumping rate N/A

Purpose / Use of Bore

Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Monitoring Bore

N/A

No

Comments

- Old DERM monitoring bore, visited once a year.
- Bore locked so unable to take water level measurement.
- Water levels and construction details may be available from DERM website.




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088
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Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
19/04/2013
Craig Vincent

Client Bore Reference

Landholder Details

Property Details

Name Government Lot
Postal Address Plan
Telephone Property Name
Mobile
Bore Identification Photographs
Landholder bore name -
QLD NRW registered number 13020107
QLD NRW water licence number -
Coordinate Datum UTM Z55
Latitude 609564
Longitude 7401583
Elevation -
Bore Status DERM Bore
Bore Construction Details
Drilling and construction records available No
Date drilled/constructed -
Depth at which water was struck (m) -
Airlift yield at time of drilling (L/s) -
Total depth of bore (m) -
Geological Formation Screened -
Bore Casing
Material PVC
Diameter 50 mm
Artesian No

Bore Pump Details
Frequency of use
Typical pumping rate

Purpose / Use of Bore

Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Monitoring Bore

2.65
0.15

No

Comments

- Old DERM monitoring bore, visited once a year.

- Water levels and construction details may be available from DERM website.
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client AARC Client Bore Reference
Census Date
AGE Personnel
Landholder Details Property Details
Name Hewitt Lot
Postal Address Plan
Telephone Property Name Fork Lagoon
Mobile
Bore Identification Photographs
Landholder bore name Air strip well
QLD NRW registered number 47323
QLD NRW water licence number -
Coordinate Datum UTM Z55
Latitude 595100
Longitude 7410014
Elevation 212 m
Bore Status In use
Bore Construction Details
Drilling and construction records available Yes
Date drilled/constructed -
Depth at which water was struck (m) -
Airlift yield at time of drilling (L/s) -
Total depth of bore (m) 8.9
Geological Formation Screened Alluvium
Bore Casing
Material Concrete
Diameter 950 mm
Artesian No

Bore Pump Details
Frequency of use
Typical pumping rate

Purpose / Use of Bore

Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (1S/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Daily in summer

Stock

Jet pump
yes

4.5
0.7

In use
2170
10.6

25

Comments
- Large well, water level visible from surface.

- Water quality taken from stagnant trough so may not be accurate

- Logger installed
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client AARC Client Bore Reference
Census Date FL3
AGE Personnel
Landholder Details Property Details
Name Hewitt Lot
Postal Address Plan
Telephone Property Name Fork Lagoon
Mobile
Bore Identification Photographs
Landholder bore name Laneway well
QLD NRW registered number 47322
QLD NRW water licence number -
Coordinate Datum UTM Z55
Latitude 591443
Longitude 7410299
Elevation 219 m
Bore Status Not in use
Bore Construction Details
Drilling and construction records available Yes
Date drilled/constructed 1973
Depth at which water was struck (m) -
Airlift yield at time of drilling (L/s) -
Total depth of bore (m) 8.88
Geological Formation Screened Alluvium
Bore Casing
Material Concrete
Diameter 914 mm
Artesian No
Bore Pump Details
Frequency of use Not in use
Typical pumping rate -
Purpose / Use of Bore Stock
Data Collected While On Site
Pumping equipment Windmill
Power supply -
No. Stock on bore -
No. Of troughs -
Storage type/volume -
Total depth of bore (m) -
Depth to water (m below ref) 3.8
Height of Ref (m above groundlevel) 0.23
Pump status Not in use
Electrical Conductivity (uS/cm) -
pH -
Temperature (°C) -
Total Dissolved Solids (mg/L) -
Drilling and construction records -

Comments

- Large well, water level visible from surface. Well is not used and the windmill is damaged

- Logger Installed
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC Client Bore Reference
19/04/2013
Craig Vincent

Landholder Details
Name
Postal Address
Telephone
Mobile

Property Details
Francis Sypher Lot

Plan

Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Photographs

Back of house
103728

UTM Z55
602849
7400245
221m

In use

Yes
2003

~476 m

Steel
150 mm
No

Daily
Unknown
Cattle drinking water

Submersible pump
yes

100 - 150

4-May

Tank ~50,000 L

In use
2533
7.96
29
1527
Yes

Comments
- Salinity too high for domestic drinking water
- Struck water in sandstone

- Field WQ readings from trough ~100 m away. Trough fed from storage tank so not ideal

- Photos of drill logs available
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Mobile: 0438 341727 Fax: 07 3257 2088

Phone: 07 3257 2055

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
19/04/2013
Craig Vincent

Client Bore Reference

Landholder Details

Property Details

Name Francis Sypher Lot
Postal Address Plan
Telephone Property Name
Mobile
Bore Identification Photographs
Landholder bore name -
QLD NRW registered number 103729
QLD NRW water licence number -
Coordinate Datum UTM Z55
Latitude 600681
Longitude 7399512
Elevation 225 m
Bore Status In use
Bore Construction Details
Drilling and construction records available Yes
Date drilled/constructed 2003
Depth at which water was struck (m) -
Airlift yield at time of drilling (L/s) -
Total depth of bore (m) -
Geological Formation Screened -
Bore Casing
Material Steel
Diameter 140 mm
Artesian No
Bore Pump Details
Frequency of use Daily

Typical pumping rate

Purpose / Use of Bore

Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Stock water

Submersible pump
Solar pannels

50 - 100

1
~20,000 L tank

In use
2792
7.25
28.3
1703
Yes

Comments
- Photo of drill logs available

- WQ field parameters taken from trough ~50 m from bore, fed from small storage tank
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Mobile: 0438 341727 Fax: 07 3257 2088

Phone: 07 3257 2055

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
20/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Jan & Gavin Mestrez

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

37737
UTM Z55
599917
7389456
216 m
Not in use

No
~1950s

No
Not in use

Not in use

Windmill (broken)
N/A

No

Photographs

Comments

- Windmill broken, turns but not connected to pipes

- Unable to see casing. Buried?

- Storage tanks nearby but not used

- Bore was used before dam was put in 60 years ago.




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055  Mobile

: 0438341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC

Thomas Muehe

Client Bore Reference

Landholder Details

Property Details

Name John Prewitt Lot
Postal Address Plan
Telephone Property Name Glendarriwell
Mobile
Bore Identification Photographs

Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

44473
WGS 84
583654
7389078
273 m
Not in use

No

130 ft

Steel
5"
No

Not in use
150 gallons/hour
Stock

Comments
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC

Thomas Muehe

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

John Walters

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

67302

WGS 84
598517
7395249
247

Not in use

No

Steel

No

Not in use

Photographs

Comments
- No bore found

- PL4? 10m from location of 67302, no bore found




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Mobile: 0438 341727 Fax: 07 3257 2088

Phone: 07 3257 2055

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
19/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Kenneth Cross

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Bore at Road

UTM Z55
584393
7392258
255 m

In use

No
1998
~8 ft

~35m

PVC
125 mm
No

When needed

Stock/Spray rigs

Submersible

Jet pump

up to 100

4

10,000 Gallons total

In use
786
8.03
28.1
481
No

Photographs

Comments

- 1500 Gallons/hour when pumping at full rate

- Nearby creek with water in it

- WL ~3 ft down according to landholder

- WQ parameters from storage tank ~200 m away
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
19/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Kenneth Cross

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Railway Paddock Bore

UTM Z55
587049
7394528
257 m

In use

No

1998

~30, 80 and 100 ft
~130 ft

Basalt

Steel
125 mm
No

Daily
250 Gallons/hour
Stock and domestic

Windmill
N/A
~100

4
2x5000 Gallon tanks
8.52
0.22

in Use
1417

6.8

29.9

845

No

Photographs

Comments

- Lots of water at ~80 ft, but went further and got even more water

- 2" pipe and 4" pump down hole

- Sample from pressure tank, so good representation of aquifer




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
19/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Mark Hampton

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

13020097
UTM Z55
607251
7401603
191 m
DERM bore

No
1993

Steel
150 mm
No

Once a year

Monitoring bore

No

No

Photographs

Comments

- Old DERM monitoring bore, visited once a year.
- Bore locked so unable to take water level measurement.
- Water levels and construction details may be available from DERM website.
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
21/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Mark Payton

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (1S/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Not in use

1980s

Not in use

Not in use

Photographs

Comments

- According to the landholder, the bore went dry and is not used any more.
- Landholder has details of the bore, however these were not available at the time.
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 40086, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC

Thomas Muehe

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Morrey Iddles

Property Details
Lot
Plan

Property Name Nogoa Downs

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation

Bore Status

Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing

Material
Diameter

Artesian

Bore Pump Details
Frequency of use
Typical pumping rate

Purpose / Use of Bore

Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (puS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Clyde's Yard
57602

WGS 84
605902
7391555
193 m

Not in Use

No
1901

~45

Steel

No

Not in Use

Windmill (broken)

hotographs

Comments
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 40086, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC

Thomas Muehe

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Morrey Iddles

Property Details
Lot
Plan

Property Name Nogoa Downs

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation

Bore Status

Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing

Material
Diameter

Artesian

Bore Pump Details
Frequency of use
Typical pumping rate

Purpose / Use of Bore

Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (puS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

57603

WGS 84
600739
7393663
214 m
In Use

No
1901

~80

Steel

No

Stock

Windmill

170+

5.48
0.46

Photographs

O YR Ay

Comments
- Windmill broken
- Unable to take a water sample




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055  Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC

Thomas Muehe

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

Stan Knight

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Camp Bore

WGS 84
594281
7397364
249 m
Not in use

Steel

No

Not equipped

43.52
0.14

Photographs

Comments
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Mobile: 0438 341727 Fax: 07 3257 2088

Phone: 07 3257 2055

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC

Thomas Muehe

Client Bore Reference

Landholder Details

Property Details

Name Stan Knight Lot
Postal Address Plan
Telephone Property Name
Mobile
Bore Identification Photographs
Landholder bore name House bore
QLD NRW registered number 90064
QLD NRW water licence number -
Coordinate Datum WGS 84
Latitude 596819
Longitude 7396888
Elevation 248 m
Bore Status In use
Bore Construction Details
Drilling and construction records available No
Date drilled/constructed early 1990s
Depth at which water was struck (m) 180 - 200 ft
Airlift yield at time of drilling (L/s) -
Total depth of bore (m) 300 ft
Geological Formation Screened -
Bore Casing
Material PVC
Diameter -
Artesian No

Bore Pump Details
Frequency of use
Typical pumping rate

Purpose / Use of Bore

Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

5 hours/day
1000 gallons/hour
Stock and domestic

Submersible pump
Yes

400

tank at home

In use
1904
7.44

No

Comments
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Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia
Mobile: 0438 341727 Fax: 07 3257 2088

Phone: 07 3257 2055

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC

Thomas Muehe

Client Bore Reference

Landholder Details

Property Details

Name Stan Knight Lot
Postal Address Plan
Telephone Property Name lona Station
Mobile
Bore Identification Photographs
Landholder bore name The Swamp
QLD NRW registered number 67349
QLD NRW water licence number -
Coordinate Datum WGS 84
Latitude 592950
Longitude 7400839
Elevation 215m
Bore Status In use
Bore Construction Details
Drilling and construction records available No
Date drilled/constructed -
Depth at which water was struck (m) -
Airlift yield at time of drilling (L/s) -
Total depth of bore (m) -
Geological Formation Screened -
Bore Casing
Material PVC
Diameter -
Artesian No

Bore Pump Details
Frequency of use
Typical pumping rate

Purpose / Use of Bore

Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Every 2 or 3 days

Stock

Submersible pump
Petrol
400

5000 L tank
8.46

0.63

In use

1602

7.28

Comments




Australasian Groundwater and Environmental Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055  Mobile

: 0438341727 Fax: 07 3257 2088

Groundwater Bore Census

Client AARC Client Bore Reference
Census Date
AGE Personnel Thomas Muehe
Landholder Details Property Details
Name Stan Knight Lot
Postal Address Plan
Telephone Property Name
Mobile
Bore Identification Photographs
Landholder bore name Twin Bore
QLD NRW registered number -
QLD NRW water licence number -
Coordinate Datum WGS 84
Latitude 591671
Longitude 7399335
Elevation 211 m
Bore Status In use
Bore Construction Details
Drilling and construction records available No
Date drilled/constructed 2004/05
Depth at which water was struck (m) ~120 ft
Airlift yield at time of drilling (L/s) -
Total depth of bore (m) ~150 ft
Geological Formation Screened -
Bore Casing
Material Steel
Diameter -
Artesian No

Bore Pump Details
Frequency of use
Typical pumping rate

Purpose / Use of Bore

Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref (m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

In drought only

Stock

Not equipped

Comments




Australasian Groundwater and Environmental Consultants Pty Ltd
Level 2, 15 Mallon Street, Bowen Hills, QLD 4006, Australia

Phone: 07 3257 2055

Mobile: 0438 341727 Fax: 07 3257 2088

Groundwater Bore Census

Client
Census Date
AGE Personnel

AARC
19/04/2013
Craig Vincent

Client Bore Reference

Landholder Details
Name
Postal Address
Telephone
Mobile

William Hatte

Property Details
Lot
Plan
Property Name

Bore Identification
Landholder bore name
QLD NRW registered number
QLD NRW water licence number
Coordinate Datum
Latitude
Longitude
Elevation
Bore Status
Bore Construction Details
Drilling and construction records available
Date drilled/constructed
Depth at which water was struck (m)
Airlift yield at time of drilling (L/s)
Total depth of bore (m)
Geological Formation Screened
Bore Casing
Material
Diameter
Artesian
Bore Pump Details
Frequency of use
Typical pumping rate
Purpose / Use of Bore
Data Collected While On Site
Pumping equipment
Power supply
No. Stock on bore
No. Of troughs
Storage type/volume
Total depth of bore (m)
Depth to water (m below ref)
Height of Ref ( m above groundlevel)
Pump status
Electrical Conductivity (uS/cm)
pH
Temperature (°C)
Total Dissolved Solids (mg/L)
Drilling and construction records

Gun Club Bore
47217

UTM Z55
581765
7395658

249 m

In use

No
1970 - 1975
~2 m (estimated)

~40 ft (estimated)

Steel
125 mm
No

Daily
400 Gallons/hour
Stock

Submersible pump
Electrical

~500

7 - 8 km of pipeline
~10,000 Gallon tank
4.08

0.45

In use

1580

7.28

27.9

975

No

Photographs

Comments

- Old windmill equipment still in place above bore
- Basalt boulders at surface, bore likely screening fractured Basalt

- Water quality from storage tank

- Some standing water in Creek nearby
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1 MODEL DEVELOPMENT
1.1 Model Code

The modelling code was selected to meet the model objectives. Numerical simulation of
groundwater flow for the Project 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 for the Project.

The MODFLOW code (on which SURFACT is based) is the most widely used code for
groundwater modelling in Australia, and is 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 Project where coal seams will be progressively dewatered with time until
the end of mining when active dewatering will cease and groundwater recovery will occur.
SURFACT is also supplied with more robust numerical solution schemes and an adaptive time-
stepping function that aides the progression of the solution past difficult and complex numerical
situations.

The input files for the SURFACT model were created using Fortran code and a special SURFACT
edition of the Groundwater Data Utilities (Watermark Numerical Computing, 2012)*. These were
used to allow for the additional capabilities of SURFACT that are not available through any
commercial pre- or post-processor.

1.2 Modelling Approach

The methodology for predicting impacts associated with the Project involves the construction and
calibration of an appropriate three-dimensional groundwater flow model and then using the model
to predict changes to the groundwater regime resulting from the proposed coal mining activities.

SURFACT does not allow for the madification of hydraulic conductivity parameters with time. This
modification is required for the Project to represent the development of subsidence and the mine
void/spoil as mining progresses. A simplified iterative approach was applied involving running the
model in annual time frames, applying the final water level conditions from the previous run as the
initial conditions for the subsequent run, and adjusting the hydraulic conductivity parameters at the
start of each run.

! watermark Numerical Computing, (2012), “Pest Model-Independent Parameter Estimation & Uncertainty Analysis”,
www.pesthomepage.org
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1.3 Set-up and Assumptions
1.3.1 Model Geometry and Cell Size

The regional boundaries of the model are detailed below and shown on Figure B-1:

e Eastern Boundary — mapping of the basement geology shows a major northwest-southeast
trending fault located approximately 9 km east of the Project area. Government exploration
logs and government geological reports (Veevers, 1962)? indicate a major structural
displacement, with an upthrown block of Triassic sediments on the eastern side.

e Western Boundary — mapping of the basement geology shows that Carboniferous and
Devonian igneous complex dominates the western boundary, mapped from 5 km west of
the Project area. The western boundary was extended out approximately 20 km from the
Project area, in order to encompass the western extent of the mapped Tertiary basalts
(Anakie 1:100,000 map and Rubyvale 1:100,000 map).

¢ Northern Boundary — the Kettle Creek Fault structure is located approximately 10 km north
of the Project area, which displaces stratigraphy by up to 250 m, with the lower sequences
(Reids Dome Beds) near surface north of Kettle Creek.

e Southern Boundary — located over 14 km south of the Project area, the southern boundary
is based on a mapped structural variation (Bowen Basin geology); which, according to
government exploration logs (Denison series), has an upthrown block on the southern side.

The model extends approximately 40 km from east to west, and 40 km from north to south,
covering a total area of 1640 km?® The model domain was discretised into 230 rows and 197
columns. The horizontal dimension of the model cells varies from 500 m x 500 m at the margins of
the model domain, reducing to 50 m x 50 m within the proposed mine area. The active cell count
for Layers 1 and 2 is 45,310 cells per layer, and for Layers 3 to 10, it is 33,180 active cells per
layer.

2 veevers J.J., (1962), “The geology of the Emerald 1:250,000 sheet area”, Queensland, Report 68, Bureau of Mineral
Resources, Geology and Geophysics, Canberra.
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1.3.2 Layers

Ten layers are represented in the model and these are summarised below in Table B-1. These
layers were interpolated from regional stratigraphic horizons, and are considered appropriate for
this level of study.

Table B-1: MODEL LAYERS

Model Layer Hydrostratigraphy

Regolith / Alluvium

Tertiary regolith (clay)

Weathered Aldebaran Sandstone

Fine grained sandstone — Aldebaran Sandstone
Fine grained sandstone — Aldebaran Sandstone
Coarse grained sandstone — Aldebaran Sandstone
Seam A - Aldebaran Sandstone

Interburden — Aldebaran Sandstone

Seam B - Aldebaran Sandstone

Basal Sediments — Aldebaran Sandstone

OO |NOO|[RWIN|F

=
o

The Taroborah Mine geological model surfaces were provided for the base of Tertiary basalt, base
of weathering (base Layer 3), base of the fine grained sandstone, base of the coarse grained
sandstone, base of Seam A and the base of Seam B. Beyond the extent of the available mine
data, the structure of the representative layers was interpolated from 1:100,000 geological
mapping, historic geological reports (i.e. Denison Trough), geological data recorded for registered
bores, and available drill logs from the Geological Survey of Queensland (Denison and Plantagent
bores).

The numerical model has used regional scale faults and structural domains to provide the basis for
the model extent. These are based upon the above referenced and publically available reports and
mapping. As these regional scale faults and structural domains are at the boundary extents of the
model domain, these are discussed briefly in terms of model development.

Within the project area, the Proponent has defined a graben (fault bound) structure in which the
coal measures are to be mined. These faults have been defined through project specific seismic
data, detailed exploration drilling and State Government drilling and mapping. A conservative
approach has been developed to simulate this graben structure. Rather than defining linear fault
features in the model, drape features have been implemented with layer hydraulic continuity on
either side of the mapped fault. Therefore, there is modelled hydraulic connectivity on either side
of these faults rather than simulating them as impermeable barriers. The coal seams have then
been simulated to pinch out to the east and west of the respective bounding faults, as they do not
exist in this region. The basis for pinching out the coal strata (model layers) is based upon regional
drilling data. This approach was adopted as it is expected to provide a conservative overestimate
of the extent of depressurisation outside the fault bounded blocks, and therefore represents a
likely worst case scenario.
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1.3.3 Staged Timing and Stress Periods

A steady state and historic transient model was run in order to establish starting heads within the
predictive model. The steady state model was run to simulate pre-mining starting head conditions.

The predictive model was set up with quarterly stress periods (91.3 days), commencing from the
commencement of open-cut mining (January 2018). The model simulated mining (dewatering of
mine cells) on a quarterly basis until the end of mining. The transient model is run for a 21-year
time period.

At the end of each year, the predictive model was stopped and aquifer parameters in the recently
mined areas changed to represent the spoil emplacement in the pit. These changes were required
to represent the resultant increase in the hydraulic conductivity, storage and recharge rate to the
spoil. Once the open-cut pits were complete, voids were simulated using high hydraulic
conductivity and storage values at Year 4 (western void) and Year 8 (eastern void). Stage period
length and the effects of goafing were applied at the completion of each individual longwall panel.
Stages varied from 12 months to 16 months, according to the current mining schedule.

1.3.4 Recharge and Discharge

Groundwater recharge was estimated based on the “Method of last resort (MOLR)” available as
on-line dataset (http://www.csiro.au/products/Recharge-Discharge-Estimation-Suite). This method
is based on chloride mass balance (CMB) calculation in conjunction with knowledge of soil type
and vegetation type in a particular location. Three distinct recharge zones were assessed:

e Alluvium, which exhibits a low recharge rate of 0.8 mm/year to 2.8 mm/year (approximately
0.13% to 0.35% of annual rainfall);

¢ Regolith, which exhibits recharge rates of 0.83 mm/year to 1.35 mm/year (0.13% to 0.22%
annual rainfall); and

e Weathered basalt, which exhibits recharge rates of around 2.1 mm/year (approximately
0.34% annual rainfall).

The potentiometric contours from the Permian Aldebaran Sandstone indicate potential recharge
from either of the following two sources:

o downward percolation from Quaternary alluvium associated with Retreat Creek; or
e graben related fault leakage from the western fault zone.

Specific recharge zones for these potential processes were not included in the model
development. Aside from geological mapping of the fault and the potentiometric contours, there is
no hydrogeological data to support the assumption of additional recharge occurring at the surface
expression of the fault. Furthermore, the model does not specifically represent any fault within the
model domain and infers lateral connectivity in these areas.

With regards to downward percolation from the Quaternary alluvium to the Permian strata, the
model layers represent some degree of hydraulic connection between these units via the
application of vertical hydraulic conductivity.


http://www.csiro.au/products/Recharge-Discharge-Estimation-Suite
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The MOLR estimates are a high level assessment of potential recharge rates in an area and act as
a guide for establishing localised recharge rates. Figure B-2 illustrates the range in recharge (as a
percentage of annual rainfall) by CMB analysis (using field data), high-level MOLR analysis, and
the recharge values used within the numerical calibration model. The recharge rates used in the
model were set at a rate of 0.05% annual rainfall (0.31 mm/year) for alluvium, 0.1% annual rainfall
(0.7 mmlyear) for regolith and 0.8% annual rainfall (4.8 mm/year) for basalt. These model
calibrated values are considered appropriate and are within the expected range of recharge

values.
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Figure B-2: Recharge Rate Distribution

Rivers and surface drainage were simulated using the SURFACT river package and were
segregated into zones according to stream order. The rivers were simulated as follows:

Retreat Creek — Upper (near the Gemfields) — the bed of the river was incised 15 m below
ground level, with 1.0 m depth of permanent water set in the river and a bed conductance
of 1 m/day;

Retreat Creek — Lower (near Project area) — the bed of the river was incised 10 m below
ground level, with 0.5 m depth of permanent water set in the river and a bed conductance
of 1 m/day;

Lake Maraboon — the bed of the lake was incised 20 m below ground level, with 20 m
depth of permanent water set in the lake and a bed conductance of 1 x 10”° m/day;

Nogoa River — the bed of the river was incised 15 m below ground level, with 2.0 m depth
of permanent water set in the river and a bed conductance of 2 m/day; and

Minor tributaries (including Taroborah Creek) were modelled with a river bed incised 1 m
below the local topography and given the function to only allow flow out of the ground, but
no flow into the model.
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The inlet and outlet of the main creeks and drainage lines were assigned with fixed head cells,
within Layer 1 of the numerical model (Figure B-3). Outside of the mine area, the SURFACT river
package was applied to 500 m grid cells. This application is considered appropriate for a regional
impact assessment model. A finer grid resolution over a larger area would result in a model that is
impractical to run and use as an impact assessment tool. The use of the SURFACT river package
within 500 m grid cells allows the model objectives to be met and does not reduce the confidence
or reliability of the model predictions.

1.3.5 Hydraulic Properties

The hydraulic parameters were based on collation of all available field data within the model
domain, parameters used within numerical models undertaken at the location and for similar
geological provinces. The calibrated hydraulic parameters used in the numerical model are as
shown in Table B-2.

Table B-2: HYDRAULIC PARAMETERS
Horizont_al Vertica_l Specific Specific
Layer Lithology Condustivity | Conductivity | Y1eld Sy | Storage'ss
(m/day) (m/day) (%) (m™)
1 Quaternary alluvium 3 4.87 x 100 1.00 x 1002 1.00 x 104
1 Quaternary/Tertiary gravels 5.00 x 1001 2.50 x 1001 1.00 x 1002 1.00 x 1003
1 Tertiary basalt 1.26 x 1001 3.11 x 1002 1.00 x 10-03 1.00 x 10-04
2 Regolith 4.00 x 10-02 4.00x 1003 1.00 x 10-03 1.00 x 10-04
2 Tertiary gravels 1 0.2 0.01 0.001
2 Tertiary clay 7.00 x 10-01 7.00 x 10-04 1.00 x 10-03 1.00 x 1004
3 Weathered zone 7.00 x 1003 5.48 x 1003 1.00 x 10-03 1.00 x 10-05
4 Aldebaran Sandstone - fine grained 3.24 x 1001 7.00 x 10-03 1.00 x 1003 1.00 x 1004
5 Aldebaran Sandstone - fine grained 3.24 x 1001 7.00 x 1003 1.00 x 10-03 1.00 x 104
6 Aldebaran Sandstone — coarse grained 0.3 5.00 x 10-02 0.01 5.00 x 10-04
7 Aldebaran Sandstone — Coal Seam A 6.36 x 1003 2.32 x 1003 1.00 x 10-03 1.00 x 10-05
8 Aldebaran Sandstone — interburden 5.00 x 10-04 5.00 x 1005 1.00 x 10-03 1.00 x 10-05
9 Aldebaran Sandstone — Coal Seam B 1.00 x 10-03 4.24 x 1004 1.00 x 10-03 1.00 x 10-05
10 Aldebaran Sandstone — basement 5.00 x 10-04 5.00 x 1005 1.00 x 10-03 1.00 x 10-05

Figure B-4 compares the horizontal hydraulic conductivity parameters to field
modelled parameters, for each of the model layers.

and previously

It is important to note that no faults or structures have been represented in the model domain. The

model layers assume lateral continuity.
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Figure B-4: Distribution of Horizontal Hydraulic Conductivity — Measured Values

2 MODEL CALIBRATION

The objective of the calibration of the model was to reproduce groundwater levels at the individual
monitoring bores and hence replicate the general pattern of the groundwater potentiometric
surface and the direction of groundwater flow. The model was calibrated in two stages. Firstly, the
steady state model was manually calibrated as part of an initial testing phase to check model
budgets and stability. This was achieved using uniform parameters across the entire model
domain. The uniform model parameters were adjusted sequentially to determine sensitivity and
correlation of the parameters. The calibration of the model followed the objectives set out by
Barnett et al, (2012)° and the objectives presented in Section 11.1 of the main report.

The existing water level hydrographs show no seasonal variation and hence no recharge or
discharge responses against which to calibrate. As a result, a transient calibration of the
groundwater model was not considered appropriate or necessary. Once mining commences and
mine inflow data is available, a transient calibration of the groundwater model should be carried
out.

The automated parameter estimation software PEST was then used to calibrate the steady state
groundwater model. The software makes small adjustments to the parameter set within the
bounds determined by the user in order to provide the best possible match between the observed
and simulated data. PEST adjusted the following properties in the model to achieve the calibration:

e horizontal hydraulic conductivity;

o vertical hydraulic conductivity; and

e recharge rate to each recharge zone.

% Barnett et al, (2012), “Australian groundwater modelling guidelines”, Waterlines report, National Water Commission,
Canberra.
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A well-calibrated regional model indicates that the model closely replicates real world
hydrogeological conditions (the first modelling objective) and therefore provides confidence in the
predicted changes to the groundwater regime due to mining.

2.1 Model Calibration Results
2.1.1 Calibration Data Points

The model simulated water levels in all available monitoring bores within the coal measures and
alluvium. There are a total of 99 monitoring bores with documented groundwater levels, which
includes:

e 67 registered landholder bores, with water levels recorded within the groundwater
database;

o three registered landholder bores where groundwater levels were collected during the bore
census, conducted in December 2011 (RN37769, RN57602 and RN67349);

e eight registered landholder bores where groundwater levels were collected during the bore
census, conducted in April 2013 (RN37770, RN44470, RN44475, RN47217, RN47238,
RN47322, RN47323, RN67349);

e two unregistered landholder bores, where groundwater levels were collected during the
April 2013 bore census (Anakie Creek Bore and Twin Bore);

o four unregistered landholder bores, where groundwater levels were collected during the
December 2011 bore census (Bore, Bore at Road, Cotton Seed Shed Bore and Railway
Paddock Bore); and

e 15 monitoring bores within the Project area, with groundwater levels collected in April 2013.

The model weighted each bore according to the level of confidence in the data. Geological
borehole logs were examined to ensure each bore was represented within the correct layer in the
model.

A comparison of observed and simulated groundwater levels in the model area are given in
Table B-3, and a scattergram of the results are shown in Figure B-5. The water levels in most of
the bores selected for steady state calibration were considered to be representative of the long
term average (steady state) groundwater levels (i.e. pre-mining groundwater conditions). However,
fluctuations in groundwater levels are expected.

Table B-3: CALIBRATED TARGETS AND SIMULATED WATER LEVELS
Bore ID Easting | Northing Unit V\%?Zre[veevdel v?értll:lif;/il Difference

(m) (m) (MAHD) (MAHD) (m)
37464 572750 7402260 Quaternary alluvium 220.4 2214 -1.1
37769 596523 7387519 Tertiary basalt 220.3 2191 1.2
38208 574236 7404259 Quaternary alluvium 2147 219.6 -4.9
38293 582040 7404128 Quaternary alluvium 210.1 209.7 04
38476 582658 7412797 Quaternary alluvium 219.5 215.3 4.2
38477 585404 7411065 Quaternary alluvium 218.2 2122 6.0
38478 587495 7411676 Quaternary alluvium 2147 209.0 5.7
43974 578495 7403768 Quaternary alluvium 209.8 211.8 2.0
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Table B-3: CALIBRATED TARGETS AND SIMULATED WATER LEVELS
Bore ID Easting Northing Unit V\(l)atzZreT_Veevdel Viiirt]:alillit;/del Difference
(m) (m) (MAHD) (MAHD) (m)
43975 579724 7405925 Quaternary alluvium 206.2 210.6 -4.3
43976 576431 7406219 Quaternary alluvium 214.8 216.6 -1.8
44470 588108 7388433 2449 2429 20
44471 588060 7388392 Tertiary basalt 252.4 245.5 6.9
47014 575105 7404451 Quaternary alluvium 212.7 219.0 6.3
47145 574242 7404314 Quaternary alluvium 214.6 2191 -4.5
47199 573557 7404463 Quaternary alluvium 222.6 220.9 1.7
47217 581765 7395658 Tertiary basalt 231.0 2335 2.5
47218 613352 7393516 Quaternary alluvium 168.5 174.2 5.7
47219 611026 7397912 Tertiary basalt 181.5 196.3 -14.9
47238 605840 7400508 188.1 188.7 0.6
47322 591443 7410299 Quaternary alluvium 206.5 2024 4.1
47323 595100 7410014 Quaternary alluvium 202.8 201.0 1.8
47450 573839 7404847 Quaternary alluvium 225.3 219.8 5.5
47707 574371 7400218 Quaternary alluvium 213.8 223.3 9.5
57602 605902 7391555 Quaternary alluvium 193.2 190.1 3.0
67311 579962 7402562 Quaternary alluvium 213.9 211.0 2.9
67349 592950 7400839 197.5 195.0 2.6
84184 593437 7396628 193.1 200.5 -1.4
84229 574262 7404119 Quaternary alluvium 2145 221.2 6.7
89318 579307 7406644 Quaternary alluvium 212.9 2111 1.9
89370 571025 7403152 Quaternary alluvium 2242 225.0 0.7
89387 584831 7405866 Quaternary alluvium 2145 204.7 9.8
90079 570548 7403050 Quaternary alluvium 227.2 227.0 0.2
90080 571700 7403120 Quaternary alluvium 2244 227.2 2.9
103025 610546 7388384 Quaternary alluvium 167.4 1741 6.7
103098 610394 7390160 Quaternary alluvium 168.6 174.5 5.9
103114 614207 7394959 Quaternary alluvium 178.4 173.2 5.2
103150 610927 7400625 Tertiary basalt 197.6 200.4 2.8
103169 610967 7390563 Quaternary alluvium 162.9 172.4 94
103358 569294 7405724 Quaternary alluvium 221.0 231.9 -11.0
103807 611953 7386830 Quaternary alluvium 170.2 173.2 -3.0
13020004 570660 7403469 Quaternary alluvium 2271 227.0 0.1
13020005 570688 7403437 Quaternary alluvium 226.8 227.0 0.2
13020006 570688 7403407 Quaternary alluvium 225.9 227.0 -1.1
13020007 575407 7404860 Quaternary alluvium 214.6 217.6 -3.0
13020008 575319 7404430 Quaternary alluvium 213.8 216.9 -3.1
13020009 575316 7404401 Quaternary alluvium 213.7 216.9 -3.2
13020010 575317 7404257 Quaternary alluvium 212.5 216.9 -4.4
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Table B-3: CALIBRATED TARGETS AND SIMULATED WATER LEVELS

Bore ID Easting Northing Unit V\(l)atzZreT_Veevdel Viiirt]:alillit;/del Difference
(m) (m) (MAHD) (MAHD) (m)
13020011 575245 7404010 Quaternary alluvium 2143 217.8 35
13020012 573661 7402680 Quaternary alluvium 214.0 219.3 5.3
13020013 573802 7401948 Quaternary alluvium 2136 2185 49
13020014 574030 7401277 Quaternary alluvium 212.3 218.6 6.3
13020015 573976 7401292 Quaternary alluvium 213.0 218.6 56
13020016 574258 7404338 Quaternary alluvium 214.0 219.1 5.1
13020017 574269 7404308 Quaternary alluvium 221.9 219.6 23
13020024 574140 7404299 Quaternary alluvium 2245 219.4 5.1
13020025 614461 7394545 Quaternary alluvium 171.1 1724 13
13020027 607916 7396972 Tertiary basalt 196.7 189.2 75
13020028 611100 7397286 Tertiary basalt 192.0 1925 05
13020037 570660 7403341 Quaternary alluvium 2225 227.0 46
13020039 611040 7396470 Tertiary basalt 193.1 188.2 49
13020040 610822 7396703 Tertiary basalt 194.1 188.2 5.9
13020041 610643 7396898 Tertiary basalt 194.3 189.9 44
13020042 610161 7397205 Tertiary basalt 196.8 190.2 6.6
13020043 610723 7397509 Tertiary basalt 196.3 1915 48
13020044 610862 7397449 Tertiary basalt 195.0 1915 3.6
13020067 610981 7391897 Quaternary alluvium 181.1 175.1 6.1
13020068 611138 7396808 Tertiary basalt 193.5 188.2 53
13020069 612563 7399227 Tertiary basalt 195.2 203.8 85
13020070 610871 7399290 Tertiary basalt 194.1 201.2 71
13020072 610740 7400942 Tertiary basalt 196.1 198.5 23
13020080 607714 7400981 Tertiary basalt 179.3 190.0 10.7
13020082 602650 7402448 Quaternary alluvium 179.7 186.7 -7.0
13020090 607703 7400986 Tertiary basalt 193.0 190.0 3.0
13020097 607251 7401603 Tertiary basalt 190.7 187.9 28
13020105 611025 7400610 Tertiary basalt 196.1 200.7 46
13020106 611685 7399508 Tertiary basalt 196.8 202.5 57
13020107 609564 7401583 Tertiary basalt 194.4 193.3 10
13020207 610986 7391901 Quaternary alluvium 179.8 1751 4.7
A”agircereek 584523 7388725 Tertiary basalt 256.5 246.2 10.3
Bore 583269 7389220 263.0 248.9 14.1
Bore at Road 584334 7392405 Tertiary basalt 2484 2422 6.3
Cotonoeed | sozs04 | 7399983 Tertiary basalt 234.7 238.3 35
Pa;magore 588003 7387427 Tertiary basalt 240.4 2423 19
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Table B-3: CALIBRATED TARGETS AND SIMULATED WATER LEVELS
. . Observed Simulated .
Bore ID Easting NOE;[:)mg Unit Water Level | Water Level lef?;e)nce
(m) (MAHD) (MAHD)

Twin Bore 600020 7402656 201.0 196.3 47
MB01_B 593513 7399534 basalt? 191.2 195.7 -4.5
MB02_C 593493 7399537 B Seam 190.8 197.5 6.7
MB02_S 598860 7398819 Aldebaran Sandstone 189.9 1974 -7.6
MB04_C 592065 7393041 B Seam 194.4 195.6 -1.2
MB04_S 594668 7390096 Aldebaran Sandstone 1944 195.6 1.2

MBO05 593575 7401714 A Seam 191.1 193.9 2.8
MB08_B 594956 7395372 Silty clay/Gravel 214.0 220.0 -6.0
MB09_T 600263 7396108 Sand 194.6 193.8 0.8
MB10_T 595642 7395113 Silt/gravel 184.6 188.6 -4.1

TAR016_CR 594586 7400197 Aldebaran Sandstone 189.4 200.9 -11.5

TAR040_C 598843 7398818 Aldebaran Sandstone 196.0 197.5 -1.5
TAR053 596635 7397000 Aldebaran Sandstone 189.1 201.1 -12.0

TAR176_C 595813 7305670 | 'debaran Sandstone - 193.0 194.2 1.2

fine grained

TAR177_C 596965 7395510 Tertiary Basalt? 189.4 194.7 54

TAR189_C 598335 7395816 Aldebaran Sandstone 192.7 193.9 1.2

TAR249 C 597227 7397143 Aldebaran Sandstone 189.2 196.9 1.7

Note: Coordinates in MGA 94 Zone 55
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Figure B-5: Steady State Calibration — Modelled vs Observed Groundwater Levels
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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),
expressed as:

RMS =[L/ n3(h, —h, ) [

where: n = number of measurements
he = observed water level
hm = simulated water level

is considered to be the best measure of error, if errors are normally distributed. The RMS error
calculated for the calibrated model is 7.70 m.

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, 1992)*. Estimation of the error based on the population of observations is calculated as
the scaled RMS, as follows:

RMS
range

Scaled RMS = |

x 100]

The steady state calibration recorded a scaled RMS of 7.70 %. This indicates a good calibration
and is within the Australian guidelines (Barnett et al., 2012) of 10% Scaled RMS.

2.1.2 Calibrated Steady State Water Budget

The mass balance error, that is, the difference between calculated model inflows and outflows at
the completion of the steady state simulation (expressed as a percentage of discrepancy) was
0.04%. This value indicates that the model is stable and has good accuracy in the numerical
solution. The model water budget is summarised in Table B-4.

Table B-4: WATER BUDGET — STEADY STATE MODEL
Parameter Input (m3/d) Output (m3/d)
Constant Head 81 2,139
Recharge 6,505 0
River Leakage 21,983 22,073
Totals 28,569 24,212

The water budget indicates that the long-term average of 28,569 m®day (29 ML/day) of water
enters the groundwater system. A total of 21,983 m®day (22 ML/day) of river flow is predicted to
enter the model, and 22,073 m*/day (22 ML/day) leaves the system as baseflow.

* Anderson, M.P.; Woessner, W.W., (1992), “Applied Groundwater Modelling: Simulation of Flow and Advective
Transport”, (2nd Edition ed.). Academic Press.
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2.1.3 Composite Sensitivities

PEST was used to automatically calculate the sensitivities at the end of each optimisation iteration.
Figure B-6 presents the final composite parameter sensitivities within respect to the automated
steady state calibration and model output. The composite sensitivity (unit less) of each parameter
is the normalised (with respect to the number of observations, or population) magnitude of the
column of the Jacobian matrix pertaining to that parameter. The use of composite sensitivity helps
compare the effects that different parameters have on the parameter estimation process when
these parameters are of a different type and magnitude (Doherty et al., 1994).

The final sensitivity results show that the calibration simulation is most sensitive to changes in the
hydraulic parameters of the upper units. The most sensitive parameters are recharge rates,
hydraulic conductivity rates of the Tertiary Basalt, fine-grained Aldebaran Sandstone, and Tertiary
gravels. The results indicate that parameters that show significant sensitivity to the calibration
should be explored through sensitivity analysis.
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Figure B-6: Final Composite Parameter Sensitivities

2.1.4 Calibrated Steady State Heads

The calibrated starting heads from the steady state run are presented for Layers 1 and 7 in Figure
B-7. The heads reflect the groundwater flow regime prior to commencement of any mining with the
model domain, and indicate a general flow of groundwater towards the north-east. Groundwater
gradients are relatively low, with higher gradients within the more hilly terrain at the northern and
western edges of the model domain. Groundwater discharges from the model domain along the
eastern edge of the model domain, from the Nogoa River and Retreat Creek.
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3 PREDICTIVE MODEL

3.1 Starting Conditions for Predictive Model

The calibrated steady state heads, based on pre-mining conditions, were used as the starting
heads of the predictive model.

3.2 Mine Progression

The SURFACT Drain package (DRN) is used to represent the drainage of groundwater into the
open-cut mining areas for the predictive model. Within the historical predictive model runs, drain
cells were assigned a nominal conductance of 100 m?/day to ensure complete dewatering to the
base of the mined floor.

Mining within the predictive model was simulated in a varied staged approach, with mining
commencing in 2018 (Year 1) within the open-cut mine area. The predictive mine progression for
the Taroborah Mine area is shown in Figure B-8. Pit progression and the placement of spoil within
the mining area was simulated progressively, with the mined areas backfilled with spoil
immediately after excavation. A partial final void is proposed for the western and eastern
extremities of the pits, which was simulated by assigning void parameters to the final void surface
as mining progressed.

Longwall panels and development headings were simulated using drain cells. Drain cells grow at a
guarterly rate according to the current mine schedule. Once each longwall panel is complete, the
drain cells are removed; however, the main development heading was left active over the life of
the underground mine to simulate the drainage and pumping from the workings. Subsidence
cracking is applied to the overlying aquifer units at the end of each stage.

During the mining simulation, once the Western void is completed, drain cells remain to ensure
water is not fed directly into the development headings portal.
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3.3 Recharge and Discharge

As detailed in Section 1.3.4, the recharge rates used within both the predictive model were:

e 0.05% annual rainfall (0.3 mm/year) for the alluvium;
e 0.8% of annual rainfall (4.8 mm/year) for the Tertiary basalt; and
e 0.1% of annual rainfall (0.7 mm/year) for the regolith material.

In addition, mined areas that were backfilled with spoil were assigned recharge values of 5.5%
annual rainfall (34 mm/year), and the final void assigned a recharge rate of 80% of annual rainfall
(497 mml/year). These values are based on findings by Mackie (2009), which are used as a
standard practice for open-cut coal mines. Figure B-9 shows the model zonation used in the
predictive model.

3.4 Evapotranspiration

Based on the BoM Gridded Average Evaporation Map (2005), the mean site annual pan
evaporation rate is 1612.5 mm/year, and the mean annual evaporation exceeds mean annual
rainfall. An evapotranspiration rate of 0.0004 L/day (90% pan evaporation) was applied within the
proposed final voids at Taroborah. An extinction depth was applied in the SURFACT EVT package
2 m below the final backfilled land surface, to simulate the natural decline of evaporation with
depth.
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3.5 Hydraulic Parameters

The predictive model utilised the calibrated hydraulic parameters, which are detailed in
Section 1.3.5. The parameters for spoil and the final voids were set as detailed in Table B-5.

In the underground extraction areas for the Project, the fracturing will depressurise the strata
overlying the coal seam. The extent of the connective cracking typically varies depending on the
coal seam thickness, the longwall panel width and the nature and strength of the overlying strata.

The model assumed the highly connective fracturing (goaf) above the coal seam extended to a
height of 10 times the coal seam thickness, which was equivalent to a height of 40 m within these
areas. The model also simulated the connective fracturing extending to a height of 30 times the
coal seam thickness, which was equivalent to a height of 90 m. These heights were based on
typical fracturing signatures observed in longwall mines in the Bowen Basin.

As the vertical conductivity of the Permian interburden calibrated to a relatively low rate, the
goafing multiplication factor used in the unit was configured to result in a vertical conductivity value
of 0.005 m/day. This was done to provide a conservative estimate of groundwater inflows and
impact above the underground mine.

Table B-5: HYDRAULIC PARAMETERS - SPOIL, VOID AND GOAF
Horizontal . . . -
. Vertical Hydraulic Specific Specific
Model ) Hydraulic o .
Lithology L Conductivity Yield - Sy Storage —
Layers Conductivity (m/day) (%) Ss (mY)
(m/day) y o
1-9 Spoil 1.0 1.0x10" 1.0 x 107 1.0x 107
1
1-9 Void 100 100 1.0 Layer
thickness
Goaf Height
(m)
Background x 5
0-5 Rubble i Background x 50 0.5 -
(0.005 in Layer 8)
5-20 Goaf (0.005 in Layer 8) Background x 20 - -
20 -40 Goaf - Background x 5 - -
40-75 Fracture - Background x 2 - -
75-90 Fracture - Background x 1.5 - -
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3.6 Predictive Model Results
3.6.1 Predicted Mine Inflows — Final Void Scenario

It is predicted that, on average, 2.6 ML/day of groundwater will be intercepted by the proposed
Taroborah open-cut and underground mine, with peak inflows of 5.7 ML/day occurring around
Year 19. Figure B-10 shows the rate of predicted mine water inflows over time for the open-cut
and the underground mine. The maximum predicted inflows for the open-cut pit is 3.3 ML/day
around Year 5 of the Project, while inflows to the underground peak at around 4.8 ML/day in Year
19 of the Project.

It is important to note that the predicted mine inflows do not represent the volume of water that will
require pumping, rather the maximum loss from the groundwater systems. The estimates include
‘unseen water’, including moisture in coal, evaporation and humidity in mine ventilation air.
Although it is difficult to quantify these components, the ‘unseen water’ can account for 10% of the
model predicted volumes. Therefore, accounting for the ‘unseen water’, it is predicted that total
groundwater inflows will be around 2.3 ML/day on average, with up to 3 ML/day entering the open-
cut pit, and up to 4.3 ML/day entering the underground mine.

Groundwater Inflow (ML/day)

Year

‘ ------ Total —Underground Opencut Pit ‘

Figure B-10: Predicted Mine Inflows

As discussed above | Section 2, predicted groundwater inflows to the mine are not seasonally
dependent.
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3.6.2 Mining Phase Water Budget Summary

Figure B-11 shows the changes in key component water budgets over the staged timeframe for
the model. Drains representing the Taroborah mine dewatering (open-cut and underground) are
the main mechanism removing water from the model, with an average rate of groundwater
extraction from the drain cells of 2.6 ML/day, and a maximum rate of up to 5.7 ML/day.
Transpiration removes approximately 0.4 ML/day from the groundwater system, while recharge
contributes approximately 0.3 ML/day to the groundwater system. An increase of up to 0.9 ML/day
is reported for the change in river leakage across the full model domain, and a change of
0.9 ML/day in river drainage. This accounts for overall flow change and does not represent
localised impacts for the individual change in river leakage for Retreat Creek.
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Figure B-11: Predicted Water Budget

3.7 Groundwater Drawdown

Figure B-12 to Figure B-15 show the predicted change in groundwater levels in Layer 1
(Quaternary and Tertiary alluvium and Tertiary basalt) and Layer 9 (Seam B) for Years 5, 10, 15
and 21 of the proposed mine schedule. The results show the extent and degree of groundwater
level drawdown within areas modelled as having a saturated thickness prior to mining.

Figure B-16 shows that groundwater level drawdown within the alluvium could extend up to 3.5 km
east (down-stream) of the MDL 467 boundary. The extent of drawdown north of the Project area is
limited by the presence of Retreat Creek, which acts as a recharge source and buffers the effects
of the predicted drawdown. Drawdown within the Tertiary basalts (Layer 1) are also mapped as
extending up to 3 km south of the ML boundary.
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The predicted drawdown within Seam B (Layer 9) is largely contained within the MDL 467
boundary. Due to the presence of underground mining, Seam B (Layer 9) is the model layer most
affected by drawdown or depressurisation. The Layer 9 contours represent the worst case or
maximum predicted drawdown within the model, and the drawdown or depressurisation predicted
within other model layers will be less than that shown in Figure B-12 to Figure B-15.

The hydrostratigraphic units above the longwall panels do not completely depressurise, as
groundwater drawdown is a function of the vertical hydraulic conductivity of the goaf and the
fracture zone. As detailed under Section 1.3.2, the model structure was based on the Taroborah
Mine geological model, as well as government exploration drill logs and geological reports.

At the completion of each longwall panel, drain cells are removed from the simulation and water
levels are allowed to recover. Unconfined storage properties of the mined longwall panel are
increased to reflect additional void space in the rubble left behind following goafing due to the
removal of the coal. The numerical model predicts groundwater levels recover to within 80% of
their pre-mining levels after just 91 days. This is primarily due to the high storage within the
Aldebaran Sandstone overlying the longwall mining area, which is not completely desaturated and
allows rapid drainage of groundwater into the mined out areas. This high storage effectively
buffers the groundwater systems adjacent to the Aldebaran Sandstone aquifer from impacts.
Steep vertical hydraulic gradients form in the model and result in high groundwater flows towards
the desaturated area within the coal seam, which causes groundwater levels to recover quickly.
This occurs in the model because depressurisation is not extensive above the longwall mining
area, and a high yielding aquifer exists adjacent to active mining.

AGE explored a scenario whereby the permeability of the fracture zone was increased to allow the
vertical depressurisation to extend further above the longwall. The results are summarised in
Section 4.2.
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3.8

Impact on Groundwater Users

Table B-6 lists the private landholder bores where groundwater levels may decline by greater than
2 m. Overall, eight active bores may record groundwater level declines by over 2 m as a result of
the proposed mine, they include:

one bore used for stock water supply with a predicted decline of less than five metres;

two bores used for stock water supply with a predicted decline of between five to ten

metres;

four bores used for stock and farm water supply with a predicted decline of over ten
metres; and

one bore used for stock, farm and drinking water supply with a predicted decline of over ten

metres.

The model results also recorded a decline in groundwater levels of over 2 m at five additional bore
locations; however, four of the bores have been abandoned or destroyed, with one bore
(RN 57649) currently dry and not in use.

Table B-6: PREDICTED DRAWDOWN IN PRIVATE BORES

SWL .
Bore mbal Predicted Impact
Bore ID Easting | Northing | Stratigraphy Use Depth Status* (Deg: Drawdown | on Bore
(mbgl) 2011) (m) Use
equipped i
RN57603 | 600739 | 7393663 | Aldebaran Stock 80.0 EX (unable | 25 | 2M-Sm
Sandstone drawdown
to read)
Tertiar Sm-10
RN67349 | 592950 | 7400883 y Stock 320 EX 7.83 -7.2 m
Basalt
drawdown
fertay | stock - Not 5m-10
Twin Bore | 591671 | 7399335 currently in 46 EX 19 -8.5 m
Aldebaran
use drawdown
Sandstone
Aldebaran Exploration equipped
Census | go5ng7 | 7304403 | SANISIONed | it ised | 137 EX (unable | -203 | 1Om
Bore 2 Tertiary drawdown
for stock to read)
Basalt
equipped
RN84184 | 593437 | 7306628 | Aldebaran Stock 765 EX (unable | -173 | >1om
Sandstone drawdown
to read)
Aldebaran equipped
RN90064 | 596819 | 7396888 | Sandstone/ | SPCK&RM | g9 EX (unable | 297 | > 10m
water drawdown
Coal to read)
equipped
RN103729 | 600681 | 7399512 | Aldebaran Stock 1215 EX (unable | -10.4 | > 1Om
Sandstone drawdown
to read)
Stock, farm equipped
Census | 599193 | 7396249 | Aldebaran | e piving | 123 EX (unable | 236 | . Om
Bore 3 Sandstone drawdown
water to read)
Stock - Not reported Dr)e/lrt})c? °
RN57649 596184 | 7402744 Alluvium currently in 16.0 AU P -3.8
Use dry currently
not in use
Note:  Coordinates in MGA 94 Zone 55

Status* - Status of the bore is based on bore census findings (see Appendix A — Field Investigation)
EX — Existing bore
AU — Abandoned bore that is dry but in a usable condition
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Figure B-16 shows the change in groundwater levels over the Project life for the three private
landholder bores with a potential 2 m to 10 m decline in Tertiary groundwater levels. Figure B-17
shows the change in groundwater levels over the Project life for the five private landholder bores
with a potential decline in groundwater levels of over 10 m. This occurs within the Aldebaran
Sandstone. Both hydrographs generally show a gradual decline in groundwater levels over time.
An exception to this are bore RN 90064 and Community Bore, which record a more rapid decline
in groundwater levels within the initial seven years of open-cut mining.
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Figure B-16: Predicted Drawdown in Landholder Bores —2 m to 10 m Drawdown
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Figure B-17: Predicted Drawdown in Landholder Bores — 10 m + Drawdown

The predicted drawdown at the private landholder bores has been carried out using a humber of
assumptions regarding not only the numerical model (Section 1.3) but also the construction and
integrity of the private landholder bores. Outside of the mine area, the geology is not as well
understood and the model layering and parameterisation has been simplified to suit a conservative
understanding, that is a hydraulic connection across the structural features that separate the mine
area and areas further to the east, west and north (see Section 8 in the main text of the
groundwater report).

Where possible, the location and usage of the bores were verified in the bore census
(Appendix A-4); however, subsurface information relating to bore construction and lithology is
often not available or not able to be verified. The model therefore makes assumptions regarding
the model layers in which these bores are constructed, primarily by interpreting from the drilled
depth of the bore. As a result, the model and its predictions are conservative in nature. The
drawdown predicted by the model is considered to be a worst case scenario and the magnitude of
predicted drawdown is unlikely. Where possible, groundwater levels within the private landholder
bores should be monitored to verify modelled predictions.

Any loss of groundwater supply in affected bores will be compensated by the Proponent. Mitigation
measures may entail:

e deepening of the bore;
e deepening of the pump; and

e constructing a replacement bore; or supplementation of supply with the groundwater
extracted as a requirement of the mining process.



Page B-32
Appendix B — Numerical Model (Project No. G1588)

Details of the mitigation measures will be developed in agreement with the landholder at the
appropriate time.

3.9 Impact on Groundwater Dependent Ecosystems

The Federal Government has established the National Atlas of Groundwater Dependent
Ecosystems (GDESs)?, based on the current knowledge of GDEs across Australia. The atlas shows
known GDEs and ecosystems that potentially use groundwater, and is considered the most
comprehensive inventory of the location and characteristics of GDEs in Australia. Ecosystems with
a potential dependence on the surface expression of groundwater are shown on Figure B-18,
along with the predicted groundwater drawdowns within the unconsolidated stratigraphy (Layer 1)
at the end of mining (Year 21). Figure B-18 shows a number of ecosystems identified as having a
low to moderate potential for groundwater dependence within the Project area. These are
generally localised along the creeks and tributaries, as well as one region (within the MDL 467
boundary), which corresponds with a man-made dam.

Figure B-19 indicates that some areas identified as having a potential dependence on groundwater
are within the drawdown contours predicted for the unconsolidated stratigraphy (Layer 1). For
information on the impact of groundwater drawdown on GDEs the reader is referred to the
EIS Ecology Report.

® hitp://www.bom.gov.au/water/groundwater/gdefindex.shtml
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3.10 Groundwater Recovery

The baseline model simulated recovery of the groundwater system for 1,000 years post mining
(Year 1021). The simulation utilised the predicted groundwater levels and hydraulic properties at
the end of the mining period. The drain cells used to simulate dewatering from the coal seam were
removed, allowing the groundwater levels in geological units above and beneath the coal seams to
recover (gradual return to pre mine dewatering conditions). The main development headings were
changed to void parameters within the previously existing coal seam layer, to simulate the filling up
of the excavation road area once mining ceases. The drain cells used in the western void were also
removed and changed to include void, recharge and evaporation rates.

Figure B-19 illustrates the recovery of groundwater levels within the western and eastern pit voids,
as well as the pit crest elevations. The results indicate that groundwater levels within both pit voids
will begin to stabilise approximately 500 years following active mining. However, within 100 years
groundwater levels have recovered to within 60 % to 70% of post mining levels. Groundwater levels
within the western pit void will be maintained at around 194 mAHD, while groundwater levels within
the eastern pit void will be maintained at around 190 mAHD (consistent with pre-mining water
levels). Both pit lake levels fall well below the pit crest, indicating that the voids will not over-top and
will act as ‘sinks’.
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Figure B-19: Pit Lake Level Recovery over time

Figure B-20 presents the predicted recovered groundwater levels within the unconsolidated
stratigraphy (Layer 1) approximately 1,000 years following mining (Year 1021).
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4 MODEL SENSITIVITY ANALYSIS

Parameter sensitivity on predictions was explored through additional model scenario runs and
varying key parameters values. These parameters were considered potentially sensitive to the
model with impacts on predictive inflows and model fluxes. The sensitivity analysis assesses the
following parameter ranges:

e a x50% change in horizontal and vertical hydraulic conductivity of all model layers
displaying low sensitivity to calibration (excluding void, spoil, and goaf);

e a *1 order of magnitude change in recharge (excluding void and spoil);

e a 1 order of magnitude change in specific storage layers (excluding the void and spoil);
and

e a1 order of magnitude change in specific yield of all model layers (excluding the void and
spoil).

In addition to these sensitivity analyses, the sensitivity of the model output was explored in relation
to the method used to model subsidence induced fracturing. This is summarised in Section 4.2.

4.1 Predictive Mine Inflow Rates

Sensitivity of the predicted pit inflow rates to changes in the model parameters is summarised in
Table B-7 and shown in Figure B-21. Table B-7 shows that increasing the hydraulic conductivity by
50% and the storage by an order of magnitude raises the overall maximum predicted inflow by
128% (7.4 ML/day) and 125% (7.2 ML/day), respectively. The other parameters are less sensitive,
with the change in inflow results, when compared to baseline values, ranging between 111% and
118%.

Table B-7: SUMMARY OF SENSITIVITY ANALYSIS
Parameter Average Daily Inflow Maximum Daily Inflow
Unit ML/day % ML/day %
Baseline 2.6 100 5.7 100
HC_VHC + 50 % 3.1 120% 7.4 128%
HC_VHC - 50 % 2.3 87% 4.3 75%
RCH + 1 x OM 3.3 128% 6.5 114%
RCH -1 x OM 25 96% 6.6 115%
SS+1xOM 3.9 148% 7.2 125%
SS-1xOM 2.1 81% 4.6 80%
SY +1x OM 2.7 104% 6.4 111%
SY -1x OM 2.7 103% 6.8 118%

Notes: hc — Horizontal and Vertical Hydraulic Conductivity
SY - Specific Yield
SS — Specific Storage
OM — Order of Magnitude (x10)
% — percentage compared to baseline model scenario
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Uy,

Figure B-22 shows the change in sensitivity with time and mine progression. Figure B-22 indicates
that the predicted mine inflow seepages to the open-cut pits (initial 7 years) are most sensitive to
changes in storage (ss) and recharge (rech). The underground mining inflows are most sensitive
to changes in hydraulic conductivity (hc) and storage (ss).
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Figure B-21: Sensitivity Analysis — Pit Inflows

4.1.1 Predictive Drawdowns

Figure B- 22 shows the maximum extent of 1 m water table drawdown within the model for the
baseline and sensitivity analysis. The 1 m drawdown contours encompass drawdown within all
model layers, as it represents the maximum extent of drawdown within the uppermost saturated
aquifer. Therefore the extent of drawdown is not representative of one aquifer (i.e. alluvium) and
has only been used to identify the sensitivity of the model to different hydraulic parameters.

Figure B- 22 indicates that the extent of drawdown predicted by the model is most sensitive to
changes in storage (ss). The parameters used within the model were based on field results
(Appendix A) and standard hydraulic parameters within the Bowen Basin. The drawdown extent as
a result of a one order of magnitude reduction in storage is not considered likely, as conservative
values for storage have already been applied to the baseline model (see Section 1.3.5).
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4.2 Subsidence Induced Fracturing

The sensitivity of the model output was explored in relation to the conceptual approach used to
represent subsidence induced fracturing and the parameters used in the method.

4.2.1 Representation of Subsidence Induced Fracturing

Within the basecase model, the longwall mine was represented by applying a series of drains to
each longwall panel. These drains remained active for the entire mining strip of the longwall panel.
Once mining of the longwall panel is complete, the drains were then switched off and the material
above the mined coal seam was simulated to be goafed or affected by subsidence induced
fracturing (see Table B-8).

An alternative method of representing the longwall panel was explored as a sensitivity analysis. In
the alternative approach, the drains are not active for the entire mining strip of the longwall panel
but switched off progressively in conjunction with the active mining face. The overburden material
above and behind the mined strip is also progressively goafed or fractured.

Whilst neither conceptual approach is perfectly representing physical reality, it provides an
alternative approach to compare against the baseline.

4.2.2 Height of Subsidence Induced Fracturing

The height of fracturing in the baseline model used a 30 times multiplier (30 t) above the mined B
seam (equivalent to 90 m) as postulated by the 1993 model of Kendorski (2006) and commonly
used in the industry. In this context, the assumption of 30 t could be perceived as optimistic and
not representing a possible worst case scenario.

Investigations of Australian experience, as well as groundwater modelling of other Bowen Basin
longwall proposals, support the 1993 Kendorski model of strata behaviour and the assumption
made for the project. For example:

¢ Adhikary and Wilkins (ACARP C18016, 2012): Extensive monitoring of longwall caving at
Springvale and Dendrobium in NSW indicate the height of the fractured zone extends
100 m to 105 m (~30 t) above the mine workings.

e MESC (2012): This subsidence modelling report for Moranbah South sites experience of
undermining surface waters (Isaac River) at Moranbah North, where longwall extraction at
4.5 m height showed no discernible increased inflow into the mine workings at depths from
110 mto 200 m (i.e. 25t- 50 t).

e Guo et al. (ACARP C14033, 2007): Provides a summary of practical hydrogeological
models of longwall mining proposed by various authors, and concludes that the fractured /
disturbed zone, where the strata sag downwards resulting in bending, fracturing, joint
opening and bed separation, is indicated to be 15 to 40 times the seam thickness.

o Gale (ACARP C13013, 2008): In the Hunter Valley, at Wollombi Creek Mine, stream flow
was lost when mining occurred at a depth of approximately 90 m but not at depths greater
than 120 m. Subsidence was estimated to be approximately 1.4 m to 1.6 m. The site at
Wambo under Wollombi Creek also indicated stream loss at depths of 90 m to 95 m but not
at depths of 110 m to 210 m. It is noted that subsidence of 1.4 m to 1.6 m at Wollombi
Creek suggests an extraction thickness of 2.3 m to 2.7 m, or a thickness of the fractured
zone of 33tto 39t.
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Gale goes on to suggest that the height of fracturing is more a function of extraction width
rather than extraction height, with a typical ratio of height of fractures forming being
1 tol.5 times the extraction width. However, the creation of these fractures alone does not
necessarily imply that a direct hydraulic connection exists over this zone. In order for mine
inflow to occur, the fractures created must form a connected and conductive network to
allow significant volumes of inflow.

o Frith (ACARP C10023, 2003): Investigation of subsurface fracturing above longwall panels
using vertical boreholes at a number of Queensland and NSW mines indicated that the
height above the workings where total loss of drilling fluid occurred (which is considered
analogous to the fractured zone) ranged from 18 m to 63 m (6.4 to 31.5 t).

With this information, the sensitivity model was generated with the assumption that the height of
fracturing is equivalent to 40 times the thickness of the B coal seam (equivalent to 120 m). This
multiplier would appear to be at the upper end of predictions. This height extends the fractured
zone to the base of layer 3, which represents the base of weathering in the Aldebaran Sandstone
and base of Tertiary in some parts of the model.

4.2.3 Vertical Hydraulic Conductivity of the Goaf

Model sensitivity was also explored in terms of the vertical hydraulic conductivity values applied to
the strata impacted by subsidence induced fracturing. The vertical hydraulic conductivity values
applied to the fractured strata representing layers 4 to 9 were increased in comparison with the
baseline model. Table B-8 shows the changes to the vertical hydrualic conducitivty within the
goaf/fracture zone.

Table B-8: Sensitivity of longwall induced changes to Kz

Baseline fractured Kz | Sensitivity fractured
Layer (miday) Kz (m/day) Percent change
4 6.02 x 10 1.09 x 10 82%
5 7.70x 103 3.50 x 10 355%
6 1.00 x 10™ 1.00 900%
7 2.30 x 107 4.60 x 102 100%
8 5.0x10™ 1.00 x 103 100%
9 8.4x10° 2.12 x 10° 150%

4.2.4 Summary

The predicted inflows from the sensitivity analyses are shown in Figure B- 23. The analyses show
that by modifying the representation of the longwall mine and by increasing the height of
subsidence induced fracturing (from 30 t to 40 t), the inflows are generally higher, in the order of
4 ML/day to 5 ML/day. There are two peaks of short duration toward the end of mining in the order
of 8 ML/day.

By also modifying the vertical hydraulic conductivity of layers 7, 8 and 9, the predicted inflows
increase between 0.5 ML/day and 2 ML/day. The inflows are generally between 4 ML/day and
6 ML/day. The two inflow peaks of short duration toward the end of mining increase up to
10 ML/day.
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Figure B- 23: Subsidence induced fracturing sensitivity analysis — predicted inflows

The sensitivity analysis shows that during the later stages of mining, groundwater inflows in the
order of 8 ML/day to 10 ML/day are predicted. This inflow occurs when the longwall mine
progression is in the northern portion of the mine, directly under a thick sequence of Tertiary
material, which in the model is represented as having relatively high hydraulic conductivity and
direct connection via the increased subsidence fracturing. This predicted high inflow is not
considered realistic for the reasons outlined below.

The experience of subsurface fracturing with regard to weak sediments (i.e. mudstones,
claystones and weathered siltstones) and clays is that these units do not generally form
continuous open fractures due to their plasticity, and the fractures that do form tend to be self-
healing over a relatively short period of time due to swelling from moisture. Gale (2008) states “the
presence of clay in the overburden is considered to constrain the fracture network through fracture
healing by expansion or its ability to strain without fracturing”.

The overburden in the project area includes a significantly thick sequence of weak Tertiary strata
and weathered Permian, ranging in thickness from 45 m to 90 m. Included are numerous, often
times thick, layers of clay and weathered claystone, which lie beneath the scattered basalt
occurrences and alluvial gravels in the north near Retreat Creek. Based on experience elsewhere,
it is expected that these units will not be highly fractured from subsidence where they occur more
than 60 m to 70 m above the mine workings and therefore, will continue to act as an aquiclude to
the overlying groundwater and surface waters.

Therefore, whilst the sensitivity analysis predicts high inflows to the underground mine, it is
unlikely that these flow rates would eventuate due to the nature of the overlying sediments.
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Figure B- 24 shows the 1 m drawdown extent for the subsidence sensitivity analysis. Figure B- 24
indicates that the extent of drawdown predicted by the sensitivity model is comparable to the other
sensitivities presented in Figure B- 22.

Table B-9 shows that by changing the representation of the goaf and increasing the height of
fracturing from 30 t to 40 t, it increases the average predicted inflow by 41%. By further increasing
the vertical hydraulic conductivities, the inflows increase by 67%. As discussed above, the
maximum inflows are considered unlikely due to the nature of the weathered Permian and Tertiary
material above the longwall mine.

Table B-9: SUMMARY OF SUBSIDENCE SENSITIVITY ANALYSIS
Parameter Average Daily Inflow Maximum Daily Inflow
Unit ML/day % ML/day %
Baseline 2.6 100 5.7 100
Modified method and fracturing height 3.6 141 9.2 161
Increased vertical K 4.3 167 10.9 190

Figure B- 25 shows the predicted drawdown for the subsidence sensitivity analysis within layer 9
after 21 years. The figure shows that with the change in longwall representation, the predicted
depressurisation within the model layers is sustained and is of greater magnitude. This magnitude
is greatest within layer 9 and decreases with height above the underground mine.

The greater drawdown as a result of this change in the modelling approach is only present during
mining. Post mining, the recovery within the underground and open pit will be comparable to the
baseline model.

Groundwater drawdown caused by underground mining in the layers overlying the longwall panel
is more extensive in this scenario. This is because the vertical hydraulic conductivity of the fracture
zone is increased, which further enhances hydraulic connection to the overlying groundwater
system when compared to the baseline model presented in the EIS. The model results show water
levels depressurise by up to 30m within the Aldebaran Sandstone, immediately above the active
underground mining.

Whilst this scenario increased the hydraulic connection between the longwall mining area and the
Aldebaran sandstone, the results show the majority of the Aldebaran Sandstone is not sully
desaturated. Following the completion of each longwall mining area, groundwater levels in Layer 9
(rubble zone) respond similar to the basecase (see Section 3.7); however, residual drawdown
occurs in the overlying layers for approximately six months following longwall completion.
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4.3 Limitations

Development, calibration and the results of predictive simulations from any groundwater model are
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 are made during development of all groundwater models. A number of
assumptions were made during development of the groundwater model. This report presents
these assumptions and their 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 changes and impacts and therefore
be representative of the worst-case scenario.

As discussed in Section 3.8, the predicted drawdown at the private landholder bores has been
carried out using a number of assumptions regarding not only the numerical model but also the
construction and integrity of the private landholder bores. Outside of the mine area, the geology is
not as well understood and the model layering and parameterisation has been simplified to suit a
conservative understanding. The model assumes a hydraulic connection across the structural
features that separate the mine area and areas further to the east, west and north.

Where possible, the location and usage of the bores were verified; however, subsurface
information relating to bore construction and lithology is often not available or not able to be
verified. The model therefore makes assumptions regarding the model layers in which these bores
are constructed. As a result, the model and its predictions are conservative in nature. The
drawdown predicted by the model is considered to be a worst case scenario and the magnitude of
predicted drawdown is unlikely.

It is important for the reader to understand that models can only approximate natural phenomenon
that occurs in groundwater systems. Although it is calibrated, there remain limitations for long-term
predictive use. As with all models, the Taroborah model should follow an evolutionary path and be
updated as more data (particularly in the areas proposed for mining) becomes available.

The numerical model has been developed as a conservative impact assessment tool and is not
required to include complex geological structure. The model adopts a conservative approach and
is based upon a sound conceptual model and a suitable steady state calibration. The model is
considered to be suitable for predicting impacts of the proposed mine upon local groundwater
systems.
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