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Waratah Coal

Executive Summary

E3 Consulting Pty Ltd (E3) was commissioned by Waratah Coal Pty Ltd (Waratah Coal) to undertake the
assessment of land including topography, geology, soils and landform for the Galilee Coal Project —
Northern Export Facility Project (China First Project). This technical report assesses the existing

environment and potential impacts resulting from the China First Project for these issues.
The project includes a:

®=  Coal mine located near Alpha in the Galilee Basin, Central Queensland;

®=  Rail alignment between the mine and a coal terminal located at the Abbot Point State
Development Area (APSDA); and

®  Coal terminal incorporated within both the APSDA and the Port of Abbot Point.

A full description of the project is provided in the EIS.

An assessment of the terrain and a soil survey was undertaken for the mine, rail alignment and coal

terminal to identify existing environmental values and potential engineering and/or environmental impacts.

Topography falls from a height of about 400m Australian Height Datum (AHD) to the coast through a
number of ranges including the Leichhardt and Clarke Ranges before joining the coastal plain at about
KP25. The topography rises sharply over the Clarke Range to height in excess of 1,000m although the
highest the rail gets at this point is about 200m AHD.

A complex of soil units were identified across the project area, including areas of Tenosols, Chromosols,
Kandosols, Vertosols and Sodosols and cracking clays. The soils present within the China First Project area
are generally suitable for grazing. Some are prone to erosion and dispersion. The majority of the soils are
also unsuitable as topsoils.

The mine is currently used for low (Class C/D) intensity cattle grazing. As a result of this historical and
current land use of low intensity cattle grazing, there has been extensive tree clearing throughout the area,
which is consistent with that of the adjoining land. Similarly, the rail alignment and coal terminal are also
located on lands that have been used consistent to that of the mine (low intensity cattle grazing), while

some areas have been converted to other activities.

The main potential impacts of the China First Project included changes to agricultural land capability and
increased risk of erosion in areas of construction and/or operation. In addition, some soils encountered will
be sodic and/or dispersive and this may affect excavation conditions for portions of the rail alignment.
Further, areas of geological shear zones, faulting and/or with dykes were identified that may impact upon
rail construction. These potential impacts have been addressed with management strategies and
commitments to further detailed investigations to mitigate the potential impacts. This will delineate areas

of potential impacts and assess the appropriate scale of mitigation or management.

E3 Consulting Australia Pty Limited ABN 44 242 443 207
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Waratah Coal

1 Introduction

1.1 Project Overview

Waratah Coal Pty Ltd (Waratah Coal) proposes to establish a coal mine, railway and coal terminal to export
high volatile, low sulphur, steaming coal to international markets. The Co-ordinator General declared the
Galilee Coal Project — Northern Export Facility (the China First Project) to be a significant project requiring

the preparation of an Environmental Impact Statement (EIS).
The project includes the following components:

®= A mine located near Alpha in the Galilee Basin, Central Queensland;

= Arail network between the mine and Abbot Point State Development Area (APSDA) and Port of
Abbot Point; and

=  Acoal terminal that is incorporated within both the APSDA and Port of Abbot Point.

The project study area is shown in Figure 1-1 and a full description of the project is provided in the Project

Description section of the EIS.
1.2 Terms of Reference and Scope of Study

This technical report addresses Sections 3.2.1 (Geology), 3.2.2 (Soils) and 3.2.4 (Topography and landscape
character) of the Terms of Reference (August 2009, ToR) for the Galilee Coal Project (Northern Export
Facility). The report has been structured to address the three major structural components of the project
separately; mine, rail corridor and the onshore coal terminal infrastructure at Abbot Point. The relevant

section of this technical report is listed adjacent to the specific ToR requirements for ease of reading.
The scope of the technical work undertaken for this chapter included:

= Aliterature review and desktop assessment of publicly available databases/digital resources and
grey literature relevant to soils, geology and landform in the study area;

=  Field surveys including excavation of test pits and visual inspections of existing earthwork
cuttings). A total of 58 sampling sites were selected across the project areas for analysis; and

=  Providing recommendations for measures to avoid or mitigate adverse impacts associated with the
project. Potential impacts and mitigation measures are discussed in terms of erosion potential
which inform inputs to Erosion and Sediment Control Plans (ESCP) which will be prepared prior to
the commencement of construction to address the management of earthmoving activities
associated with typical construction, operation and rehabilitation activities. This includes
discussion of procedures for backfilling, cover and contouring as well as topsoil management for

revegetation.
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Figure 1-1: China First Project Study Area
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2 Methods of Assessment

2.1 Desktop Assessment

Desktop investigations and a review were undertaken of publicly available databases, digital resources
including Geosciences Australia’s Mapconnect and grey literature relevant to geology, soils and landforms

in the China First Project study area.
2.1.1 Topography

Topography and landscapes were reviewed with reference to CSIRO ASRIS datasets, Queensland
Departments of Employment, Economic Development and Innovation (DEEDI — previously Department of
Mines and Energy information) resource and tenure maps and Environment and Resource Management
(DERM) records, local government mapping, cadastral data and State Planning Policies (i.e. SP1/92 -
Development and Conservation of Agricultural Lands (SPP1/92)) mapping. Specific topographic maps used

for the assessment include:

= NATMAP Map 00/050, Bowen Queensland, SE55-03 (edition 3) Topographic Map 1:250 000,
Geosciences Australia, 2003;

=  NATMAP Map 01/1103, Jericho Queensland, SE55-14 (edition 2) Topographic Map 1:250 000,
Geosciences Australia, 2003;

= NATMAP Map 02/123, Ayr Queensland, SE55-15 (edition 3) Topographic Map 1:250 000,
Geosciences Australia, 2003;

=  NATMAP Map 03/091, Clermont Queensland, SE55-11(edition 3) Topographic Map 1:250 000,
Geosciences Australia, 2004;

=  NATMAP Map 03/092, Galilee Queensland, SE55-10 (edition 3) Topographic Map 1:250 000,
Geosciences Australia, 2004;

=  NATMAP Map 03/094, Mount Coolon Queensland, SE55-07 (edition 3) Topographic Map 1:250
000, Geosciences Australia, 2003; and

= Sunmap Topographic Map 8558-33, Abbot Point, Queensland, 1:25 000 Scale, (DERM, 2000).

2.1.2  Geology

The following data was used for the description and assessment of the geology and the geological

structures including shear zones, faults and dykes in the project area:

=  CSIRO: Australian Soil Resource Information System (ASRIS) maps;

=  Geological mapping from Australia 1:250 000 Geological Series, Geosciences Australia (available at
http://www.geoscience.gov.au);

=  NATMAP Topographic Map Series, 1:250 000 Scale, Geosciences Australia, 2003-2004;

= Geological descriptive from Onshore Australia web pages, Geosciences Australia (available at

http://www.ga.gov.au);

= Geological mapping from the Geological Survey of Queensland; and
= Sunmap Topographic Map Series, 1:25 000 Scale, (DERM, 2000).
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The shear zones, faults and dykes have been identified as these areas may have increased geotechnical
risks.

213 Soils

The occurrence and distribution of the major soil groups have been mapped for the project area. The
typical soil profile characteristics of the main soil groups mapped have been compiled from field

observations and various sources including:

= CSIRO ASRIS Mapping (CSIRO, 2006);

= CSIRO Regional land systems and soils mapping (1967, 1968, and 1974);
= Geosciences Australia 1:250,000 map series (1968); and

= Atlas of Australian Soils (Isbell et al. 1967).

Reference was also made to the data obtained from field investigations of sections of the project area
undertaken by AMEC (2009), Coffey Mining (2009) and the land resources digital atlas data sets including

the CSIRO land research series.

Soils were described with reference to the following soil classification schemes:

= SPP1/92, (DEEDI, 1992);

= Planning Guidelines for The Identification of Good Quality Agricultural Land (DEEDI, 1993);
= Australian Soil Classification System (ASC) (Isbell, 2002);

= Australian Standard for Engineering Soil Classification (AS 1726-1993);

®=  Handbook of Australian Soils (Great Soil Groups) (Stace et al, 1968); and

=  Principal Profile Form (PPF) (Northcote, 1974).

214 Landforms

Landforms were mapped using landscape units that provided a basis for the describing of the physical
environment. The information reflects the distribution of geological areas, landforms and the associated

soil types. Landscape units are a combination of several map units including:

=  Broad landform (slope and relief), geology and lithology;

=  Dominant soil orders;

®  Local climate, drainage networks and related soil profile classes;
= Regolith materials; and

= Similar geomorphological systems.

2.15 Good Quality Agricultural Land

An assessment of Good Quality Agricultural Land (GQAL) was undertaken to assess the current and

potential agricultural land use. As required in the ToR and SPP 1/92, the assessment was based upon a four
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class system that is described in the DEEDI and Department of Housing and Local Government (DHLG)

planning guidelines for the identification of GQAL. These guidelines describe land as one of the following:

= (Class A: Crop land, being land suitable for current and potential crops with limitations to
production which range from nil to moderate;

®=  (Class B: Limited Crop Land, being land that is marginal for current and potential crops due to
severe limitations, but is suitable for pastures. The land may require improvement before it is
suitable for sustainable cropping/cultivation;

= (Class C: Pasture Land, being land suitable for improved or native pastures due to limitations which
preclude continuous cultivation for crop production. Some areas may tolerate short-term
cultivation for improved pasture and forage crop establishment. Other areas are primarily suited
to grazing of native pastures, with or without the addition of improved pasture species without
ground disturbance. Elsewhere the land is suited to restricted light grazing of native pastures in
accessible areas, otherwise very steep hilly lands more suited for forestry, conservation or
catchment protection; or

®=  Class D: Non-agricultural land, being land not suitable for agricultural uses due to extreme
limitations. This may comprise undisturbed land with significant habitat, conservation and/or
catchment values, or land that may be unsuitable because of very steep slopes, shallow soils, rocky

outcrops or poor drainage conditions.
Data sources used in the assessment of GQAL included:

=  DERM Regional Compilation of Mapping (1:250 000) Central West Region —GQAL; and
"  Local government planning documents including the Planning Scheme for Barcaldine Regional
Council (BRC), Isaac Plains Regional Council (IRC) and Whitsundays Regional Council (WRC).

The local government GQAL mapping from the various planning schemes was used to undertake the
desktop review of GQAL. This information was supplemented with site specific sampling undertaken for
the China First Project to produce GQAL mapping for the entire project area. Site sampling is described in

section 2.2.

2.2 Field Investigations

The dominant soil types intersected by the project were assessed, with emphasis on soils in the mine
footprint, potentially dispersive soils at waterway crossings and soils along the rail alignment and at the
coal terminal. Desktop assessment of major soil types used dominant soils mapping to refine the scope of
field investigations to ensure all of the major soils types within the project area were represented by the

sampling. The field investigations included:

= Characterisation of soil types;
= Assessment of depth and quality of useable soils;
= Assessment of dispersivity and erosion potential; and

= Assessment for potential as a regrowth medium.
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A soil survey of representative sites within the China First Project footprint was conducted with reference
to the physical soil stability and the chemical properties of the materials that influence erosion potential,
storm water run-off quality, rehabilitation and agricultural productivity of the land. At the time of
undertaking field-based soil mapping, detailed site layout design had not been finalised. As a result, the
approach adopted during field work was to focus efforts within an 800m wide buffer zone of the rail

alignment.

Fieldwork undertaken was based on the following guidelines and management handbooks:

= DEEDI Technical Guidelines for Environmental Management of Exploration and Mining in
Queensland (1995);

= Australian Soil Classification Guideline (Isbell, 2002) — The Guidelines recommendations that
disturbed areas be mapped more intensively than non-disturbed areas; and

= Australian Soil and Land Survey Field Handbook (McDonald et al, 1990);

Soil profiles were mapped by initially reviewing the aerial photography and regional mapping and assigning
soil areas based upon common photo tones and topography. Representative samples were then collected

from these areas for assessment.

An appraisal of the depth and quality of useable soil was undertaken by using a hand auger and test pitting
to a maximum depth of approximately 2m from the surface. Sample cores were split into two to three sub-
samples depending on the number of soil horizons encountered at each site. Samples were selected for

laboratory analysis in order to characterise all soil types within the study area.

At the mine and coal terminal the data was interpreted to assess the extent of different soil types.
However, along the rail alignment this was not done as samples were widely spaced and landforms vary

along the alignment making interpolation likely to exaggerate the results.

A total of 58 sample locations were used to characterise soils within the study area with 143 sub-samples
taken from these locations. Fifty eight samples were sent to the laboratory for analysis. Soil sampling was

distributed amongst the three major project components as follows:

®=  Mine - 17 samples were collected from ten locations across the site with nine samples selected for
laboratory analysis (Sites S549-5S58);

=  Rail alignment - 118 samples were collected from 43 locations along the rail alignment with 43
samples selected for laboratory analysis (Sites SS01 to SS48); and

= Coal Terminal - eight samples were collected from five locations with six samples selected for

laboratory analysis (Sites SS01 to SS05).
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221 Soil Observations

Visual observations of soil type and structure were undertaken at a number of the waterway that will be
disturbed by construction works. These observations were carried out in order to discuss erosion potential
at waterway crossings along the rail alignment and at the mine site. Characteristics noted on site included
dominant soils type, stream morphology, bank vegetation and signs of existing erosion / disturbance. A
total of 52 sites were observed during the field works with an assessment of each site provided in Appendix
A.

2.3 Laboratory Analysis

Samples were submitted to laboratories with National Association of Testing Authorities (NATA) accredited

methods for the analyses. The laboratory analyses included:

" pPH

®  Calcium (Ca) and Magnesium (Mg) Ratios;

= Chlorides (ppm);

®  Electrical Conductivity (EC);

= Emerson Crumb Dispersive Analysis;

= Exchangeable Sodium Percentage (ESP); and
= Sodium Absorption Ratios (SAR).

Laboratory certificates are provided in Appendix B and soil data is provided in Appendix C.
Emerson Crumb Tests

Soils were assessed for stability and erosion potential by assessment of soil types from prior mapping field
observations and laboratory analysis of samples by Emerson Crumb tests. The Emerson Crumb test
measures the susceptibility to dispersion of the soil in water. Dispersion describes the tendency for the
clay fraction of a soil to go into colloidal suspension in water. The test indicates the credibility and
structural stability of the soil and its susceptibility to surface sealing under irrigation and rainfall. Soils are

divided into eight classes on the basis of the coherence of soil aggregates in water (Table 2-1).

Table 2-1: Emerson Crumb Class Interpretation

Class Expected Field Behaviour Erodibility
Class 1 - High

Almost certainly sodic

®  Complete dispersion of undisturbed aggregate
" Very fragile, difficult to manage

Class 2 .

Highly likely to be sodic High
= Some dispersion of undisturbed aggregate

"  Fragile, difficult to manage
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Class Expected Field Behaviour Erodibility
Class 3 »  Ppossibly sodic Moderate
" Dispersion after being disturbed (for example after earthworks
®  Fragile but stable if manage carefully
Class4/5/6 = Possibly sodic Moderate
" Generally stable
Class 7 = Unlikely to be sodic Low
" Stable
Class 8 " Unlikely to be sodic Low
®  Very stable

23.1 Exchangeable Sodium Percentage

Exchangeable Sodium Percentage (ESP) is the proportion of sodium adsorbed onto the clay mineral of the
soil as a proportion of the total cation exchange capacity (CEC). A high ESP is an indicator that the soil is
prone to dispersion. Different soils will respond differently to high ESPs and Emerson Crumb tests were

therefore also used to assess dispersivity and erosion potential.

Guideline values for exchangeable sodium percentage (ESP%) are provided in the Assessment and
Management of Saline/Sodic Wastes (DERM, 1995)(DERM Guidelines (1995)) and the NSW Department of
Environment, Climate Change and Water (2008) (DECCW, 2008) ranking for laboratory exchangeable cation
test results (Table 2-2).

2.3.2  Sodium Absorption Ratio

The Sodium Absorption Ratio (SAR) is a measure of the sodicity of soil and is a ratio of the amount sodium
in soil to the amount of calcium and magnesium. Where clay soils have a high SAR ratio, the soils lose their
structure, become more dispersive and have lower soil permeability, rendering the soil less productive. A
SAR >12 is generally considered high and indicates potential for the above sodic impacts. Sandy soils
behave differently from clay soils and a high SAR ratio does not necessarily indicate a dispersive soil.

Emerson Crumb tests were therefore also undertaken to assess dispersion.

Table 2-2: Guideline Values for Soil Sodicity

Test Very Low Low Medium High Very High
Exchangeable Sodium <0.1 0.1-0.3 0.3-0.7 0.7-2.0 >2
(meq/100g)

Ca:Mg ratio <1 1-2 2-5 >5

ESP% <2 2-6 6-12 12-20 >20
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233 Overburden Testing

An assessment of topsoil, overburden, interburden and coal (as potential reject material) was undertaken
to assess the potential for environmental issues arising from handling and treatment of these materials.

Detailed information on the above is reported in the Waste Technical Chapter.

The geochemical testing program used samples collected from groundwater assessment boreholes
emplaced in shallower overburden in the area of the mine. The presence of a uniform geology with little
structural influence suggests the samples from the shallow soil, overburden, interburden and the coal
layers would be representative of the whole layer.

Coal was assessed to allow for coal reject from a Coal Handling and Preparation Plant (CHPP) that may be
placed in waste containment structures. There are currently no regulatory requirements in Queensland
specifying the number of samples to be collected and assessed for overburden or potential reject materials
at mines. The number of samples (14) is based upon availability for sampling during the groundwater
investigations undertaken at the mine.

The samples were assessed for Acid Neutralising Capacity (ANC), Nett Acid Production Potential (NAPP),
Net Acid Generation (NAG), total sulphur and eight priority metals (arsenic, cadmium, chromium, copper,

lead, nickel, zinc and mercury).
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3 Seismic Activity in Project Area

Although damaging earthquakes are relatively rare in Australia, the high impact of individual events on the
community ranks makes them a costly natural hazard. The highest hazard regions in Queensland lie along
the east coast and off-shore regions with most historic earthquakes having occurred within about 200km of
the coast, either onshore or offshore. Six earthquakes are known to have occurred near Mackay but so far

none have caused significant damage.

Middelmann and Granger (2000) investigated community risk to the Mackay area, which included an
assessment of earthquake risk. Two strong earthquakes are known to have occurred in Central Queensland,
one at Ravenswood (approximately 250km northwest of Mackay and 100km west of the study area) with
an epicentre of the Richter magnitude 5.7 on 18 December 1913 and another offshore of Bundaberg over
600km south of the study area on 6 June 1918 with an epicentre Richter magnitude of 6.3, which was
reported to have been felt in Mackay. The 1913 and 1918 earthquakes demonstrate that potentially
damaging earthquakes do occur in Queensland and their occurrence near Mackay should not be

discounted.

The Earthquake Hazard Map (Geosciences Australia, 1991) provides an indication of the relative expected
severity of earthquake ground motion expressed as an acceleration coefficient. An excerpt from this

mapping is provided as Figure 3-1.

The measure provides a 10% probability of the exceedance of this risk in a 50 year period or an annual
exceedance probability of 1 in 475 years. Acceleration Coefficients of 0.24-0.4 are considered high, while

coefficients of 0.08-0.09 are considered moderate and <0.05 is considered low.

The mapping indicates that the northern half of the rail alignment and the Abbot Point area have a higher
acceleration coefficient of 0.05 to 0.1 which is still be considered moderate. The southern half of the rail

alignment and the area of the mine have lower acceleration coefficients of 0.05 to 0.03.
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Figure 3-1: Earthquake Hazard Map of the Project Area
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4 Mine Site

The following section provides an overview of the information on topography, geology, soils and landform
for the mine area.

4.1 Topography

The topography at the mine rises gently to the west up to 400m Australian Height Datum (AHD) to outcrops
of the Great Artesian Basin sediments 20km to 40km west of the mine (Figure 4-1). Gently undulating
plains occur throughout the majority of the mine area with strongly undulating to hilly land in the north-
east corner of Exploration Permit Coal (EPC) 1040 (Plate 4-1).

Plate 4-1: Topography at the mine
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4.2 Geology

The geology at the mine is taken from the South Alpha Project — Mine News 00201AA Resource Estimate
Report (2009).

Surface geology of the mine is dominated by unconsolidated Cainozoic sediments. Unconsolidated sands,
silts and clay, lateritised in part, form an extensive blanket over the mine area, with thickness of up to 90m
in the eastern and central sections. There is an assortment of recent-Quaternary and Tertiary within the
Cainozoic blanket but no attempt at demarcation has been made. In the east of South Alpha, the Cainozoic
sits directly on the Permian. This contact is unconformable and represents an extensive time gap while the
contact is erosional at least in part.

The Tertiary flood basalts that feature in the cover sequence in parts of the Bowen Basin are absent from
South Alpha. The Cainozoic tends to be thin in the west and China First’s drilling and previous exploration
show the Triassic Rewan Formation as rarely outcropping or identified in the shallow near surface in this
region. The Rewan Formation is unconformable on the Permian and consists of the greenish sandstones,
siltstones with some shale layers in association with the Rangal Coal Measures in the Bowen Basin to the
east. Further west, outcrop of the Lower Triassic sedimentary sequences including the Dunda Beds, Rewan
Formation and Moolayember Formation are present. The mine’s surface geology is shown on Figure 4-2.

Table 4-1 provides a key to the geology figures for the mine site area.

Table 4-1: Mine Site Geological Key

Geological Symbol | Era Period/Epoch Formation Name Lithological Description
Qa Cainozoic Quaternary - Alluvium, some gravel
Czs Cainozoic Quaternary - Sand, gravel, rubble
Czc Cainozoic - - Sedimentary Rocks
Psb Paleozoic Lower Permian Colinea Sandstone Labile and quartz
sandstone, minor
siltstone and coal
Cpj (not Paleozoic Upper Joe Joe Formation Mudstone, labile
outcropping) Carboniferous to sandstone, siltstone,
lower permian shale
Rsl Mesozoic Lower to middle Clematis Sandstone Quartz sandstone,
Triassic shale layers, minor
siltstone and mudstone
Rsdu Mesozoic Lower Triassic Dunda Beds Labile sandstone,
siltstone, mudstone
Rsmo Mesozoic Lower Triassic Moolayember Sandstone, siltstone,
shale
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Geological Structural Features and Faults

The basinal sediments in the mine area are characterised by gently dipping sedimentary units with little or

no recognised faulting. The units generally dip towards the west at about 1°.
Mine Resource Geology

The China First Project’s coal deposit lies within the Galilee Basin which is a sedimentary basin formed by
down-warping of a large area west of the Anakie Inlier during the Upper Carboniferous, Permian and
Triassic periods. The Galilee Basin is underlain by the Drummond Basin and overlain by the Eromanga

Basin. The coal resource is summarised below:

=  The target geology is held within the Permian interval of the Galilee Basin;
®  The target mineralisation is late Permian thermal coal; and
®= |In the project area, the target geology is held within the Bandanna Formation and Colinlea

Sandstone, that are correlatives of the Bowen Basin’s Group IV Permian Rangal Coal Measures;

The coal resource is found in five principal seams from shallowest to deepest with other subordinate coal
horizons present. A full description of the coal seams in provided in Chapter 2 of the EIS. The identified
coal seams are allocated the alphabetical sequence used by previous explorers of the area. Further sub-

division of the seams has occurred during Waratah’s exploration including:

= Adirty top ply of the C seam is recognised but not considered economic due to high ash (C Upper
‘cU);

= Dseamis typically found in two splits — D Upper (‘DU’) and D Lower (‘DL’); and

= DLis further divided into DL1 (upper split) and DL2 (lower split).

The A and B seams are allocated membership of the Bandanna Formation and the sequence for C down the
Colinlea Sandstone. The E and F seams may belong to a lower formation. These allocations are tentative.
The provision of Formation/Group membership has no material impact on the resource geology of the

deposit.

The combination of a very gentle westerly dip and subdued topography creates relatively broad sub-crop
zones for each seam. Additionally, the B and C intervals are separated by 90m of sandstone (vertical
thickness) and this separation and the dip/surface geometry causes two north-south orientated bands of
seam sub-crop; the A and B in the west and the C to DL in the east. The E and F Seams sit below the D splits
and sub-crop further east, the seam limits often influenced by deeply incised alluvium channels associated
with drainage along Sandy Creek. The full C-F sequence continues unbroken under the A and B sub-crop
zone and all seams continue down dip. Previous studies have recognised a continuum of the seams down

dip for at least 30km to the west and to over 1km of overlying stratigraphy (China First and SRK, 2008).

The China First deposit is estimated to contain 3.93 billion tonnes (Bt) of coal resources. Of this 1,975
million tonnes (Mt) are measured, 565Mt are indicated and 1,140Mt are inferred. Of the resource total,

830Mt would be mined as open cut mines and 3,095Mt as underground areas (Coffey, 2009). Underground
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areas typically show only modest cover of 120-200m with very gentle dips and relatively benign structural
geology. The coal present is capable of producing a blended export style thermal coal with low moderate

sulphur. The lower seams would make acceptable quality without blending.

Overburden

The heavy metal concentrations of samples of overburden and interburden tested were below
environmental investigation levels (ElLs) for all metals with the exception of total chromium which
exceeded the EIL for trivalent chromium in two samples. These results were within 10% of the background

range for total chromium.

The majority of samples have very low sulphur content (<0.1%) and therefore have a very low potential for
acid generation. This is confirmed by the negative NAPP results ranging from -0.7 to -23.6 which indicate
the samples were non-acid forming (NAF). Geotechnical investigations also indicated that the majority of
the rock material is NAF.

Fossil Potential

The Permian and Tertiary periods represented by the geology in the mine area were periods when flora and
fauna including amphibians (Permian) and mammals (Tertiary) were present in the general fossil record.
There are records of Glossopteris Sp. (an extinct group of seed plants) fragments in the Joe Joe Formation, a
Permian formation that underlies the projects coal measures. The Peawaddy formation, which also
underlies the project coal measures, is also known to contain Permian plant fragments (DEEDI, 1973). The
Peawaddy Formation was deposited in lacustrine and fluvial environments, which is similar to the

terrestrial to lacustrine and fluvial environments that the project geology may have been deposited in.

While no record of fossils have been reported in the China First Project area (GSQ, 1996); there is potential
for similar fossils as described above in the stratigraphy in the mine area due to the similar depositional

environments.

4.3 Soils

The mine study area is dominated by Kandosol soils with Rudosols in areas of elevated terrain in the north-

western and south-eastern portions of the site (Figure 4-3).

Kandosols are structureless, mostly well drained permeable soils although some yellow and most grey
Kandosols have impeded sub-soil drainage. Most Kandosols have low fertility and land use is limited to
grazing and native pastures. Grazing lands are susceptible to surface soil degradation such as hard setting

and crusting even when grazing intensity is low.
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Rudosols are soils with minimal soil development. These are relatively young soils where soil forming
factors have had little time to pedalogically modify parent rocks or sediment. There are a wide variety of
Rudosols in terms of texture and depth with many being stratified and some hypersaline. Rudosols are
apedal or only weakly structured and show no pedological colour change apart from darkening of the top
horizon. Commercial land use is generally limited to grazing of native pastures due to the soil properties or

occurrence in arid regions, or both.

Table 4-2 provides approximate correlations between the Australian Soil Classification (ASC), Principal
Profile Forms (PPF) and the other soil classifications for the soils within the mine area. The PPF uses a key
to describe various soil parameters including (but not limited to) permeability, profile water holding

capacity, soil texture profile (Plate 4-2). A full description is provided in McKenzie and Hook (1992).

Table 4-2: Description of Major Soil Classifications at the Mine

ASC Description PPF Great Soil Groups

Kandosols Structureless soils that lack texture | Gn2, Um5 soils Red, yellow and grey earths, calcareous
contrast. red earths

Rudosols Soils with minimal soil Ucl, Umland Lithosols, alluvial soils, calcareous and
development. Soils where soil Uf1 soils silaceous sands, some solonchaks

forming factors have had little time

to modify parent rocks or

sediment.

Ten soil samples were collected in the vicinity of the mine site. A description of these samples is provided
in Table 4-3.

Table 4-3: Mine Site Description of Soil Samples

Sample Sample Location Soil

SS49 North east end — near rail alignment Sandy clay, fine grain, hard, dry, non plastic, some
gravel (sub angular (9mm), underlain by gravelly,
clayey sand, fine to medium grain, dry, loose, friable,
brown /orange, sodic.

SS50 North east end — Tallarenha Ck Clayey silt, dry, firm, loose, non plastic, dark brown A

horizon, Pale gray B horizon.

SS51 North east end — near rail Sandy gravels, dry, hard, friable, loose, orange,
underlain by sandy gravelly clay, fine grain, friable,

loose.

SS52 South east of mine site Silty clay, dry, firm, pale grey/brown A horizon and

pale grey B horizon.

SS53 Central east side of mine site Silty clay, hard, non plastic, dark brown underlain by

soft silty clay, non plastic with orange and red colour

SS54 Central northeast mine site/Tallarenha Ck Sandy Clay, fine to medium grain, hard, non plastic,
brown underlain by silty clay, soft, non plastic, orange.

SS55 Central north west mine site Clayey gravelly sand, fine grain, firm, non plastic,
orange and yellow underlain by silty clay, firm, non

plastic, dark red.

SS56 North west of mine site Silty Clay, dry, hard, dark down

E3 Consulting Australia Pty Limited ABN 44 242 443 207

Waratah Coal - Soils and Geology - Final 5 Oct 2010.docx 4-8



WARATAH COAL | GalileeCoalProject- Environmental Impact Statement - August 2011

Waratah Coal

Sample Sample Location Soil

SS57 Central mine site Silty Clay, dry, hard, loose, dark brown/orange
underlain by silty clay, dry, firm, loose, dark

orange/red colour

SS58 Central west of site Sandy Clay, fine to medium grain, dry hard, loose, non

plastic

The physical results of the soil investigation indicate that Kandosols are the dominant soil type in the mine
area (Plate 4-2). Laboratory analyses of the selected samples collected from the mine area are described
below.

Plate 4-2: Gravelly Soils at the mine

Soil Summary

An analysis of particle size distributions for topsoil indicated that 52% to 71% of the samples passed
through a 75um sieve size. This suggests that the soils were generally sandy to silty. These sand/silt
dominated soils have low Cation Exchange Capacity (CEC) as they have lower clay content and therefore a
lower surface area with less room to carry cations. This results in lower ESP and SAR and reflects lower
fertility of the soils. As there is lower clay content in the soils; these results on their own cannot be used to
assess dispersivity. The Emerson Crum test results provide an assessment of dispersivity and indicate some
soils have the potential for dispersion.
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Soil pH

Soil pH has a strong influence on the solubility and form of chemical compounds, the availability of ions in
the soil solution as well as microbial activity. The optimum pH range for plant growth varies between
species with a pH of 5.5 — 7.0 considered optimal for many native plants and pH 6.0 — 7.0 optimal for
pasture grass. Soil pH ranged from 5.7 (SS58 = 0.0-0.3 metres below ground level (mgbl)) to 6.8 (SS53 = 0.0-
0.3 mgbl) which is slightly acidic but within the range that is optimal for plant growth.

Cation Exchange Capacity (CEC)

CEC is a useful indicator of soil fertility as it demonstrates the soils ability to supply three important plant
nutrients: calcium (Ca), magnesium (Mg) and potassium (K). A low CEC usually indicates low fertility.
Guidelines for exchangeable cation test results specific to Queensland do not exist; however, the DECCW
provides guideline values for the interpretation of laboratory cation analysis (DECCW, 2008). Soil

exchangeable cation laboratory results were:

= Exchangeable Ca ranged from 0.7 meq/100g (SS50) to 4.2 meq/100g (SS53) indicating low to very
exchangeable Ca;

=  Exchangeable Mg ranged from 0.4 meq/100g (SS50) to 1.2 meq/100g (SS53) indicating low to
moderate exchangeable Mg;

=  Exchangeable K ranged from 0.1 meq/100g (SS49 and SS50) to 0.7 meqg/100g (SS56) indicating
very low to moderate exchangeable K; and

= CECranged from 1.2 meq/100g (SS50) to 5.8 meq/100g (SS53) indicating a very low CEC.

Comparisons of the results from the mine site to the guidelines indicate that the soils collected from within
the mine site are likely to have very low fertility.

Soil Salinity

Elevated levels of salt within the soil reduce the availability of water to plants which can affect germination,
plant growth and the availability of essential plant nutrients. Salinity in the soils was measured by the
concentrations of soil chloride and electrical conductivity (EC). These values were compared to values
listed in the Guidelines for the Assessment and Management of Saline/Sodic Wastes (DERM, 1995).

The results of soil salinity laboratory analysis were:

= ECranged from 7uS/cm (SS58) to 37uS/cm (SS53) indicating very low salinity; and
= Chloride ranged from 20mg/kg (SS50 and SS57) to 80mg/kg (SS56) indicating very low chloride.

According to the DERM Guidelines (1995), the soils are characterised as having low salinity.
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Soil Sodicity and Dispersion

ESP and Ca:Mg ratios are provided in the DERM Guidelines (1995), the DECCW (2008) ranking for laboratory
exchangeable cation test results and Northcote and Skene (1972). The laboratory results of

sodicity/dipersivity analysis were:

= Exchangeable sodium was below the laboratory’s limit of reporting in all samples except for $549
which measured a 0.2 meq/100g indicating very low exchangeable sodium;

= Ca:Mg ratio ranged from 0.6 (SS56) to 3.6 (SS53) indicating very low to medium Ca:Mg ratios
across the area with very low to low Ca:Mg ratios detected in samples (5549 (1.4), SS51 (1.8), SS56
(0.6) and SS58 (1);

= ESP is very low (<2%) to low (2%-6%) with the exception of sample SS49 (0.0-0.3mgbl) which
reported an ESP of 11.2% and is classified as medium (6%-12%); and

=  SARranged from 0.21 (SS53 = 0.0-0.3mgbl) to 1.51 (SS49 =0.0-0.3mgbl) indicating a very low SAR.

ESP is very low to low except at one location. Generally low ESPs indicate that clay soils are less prone to
dispersion. SAR was low and this suggests a low risk of erosion, compaction, and/or development of hard
setting crusts in the soil and subsequent effects on soil fertility in clay soils. However, sandy soils typically
have lower SAR than clayey soils and the very low Ca:Mg ratios which indicates that these soils may be
associated with dispersive soils. The results suggest that there is the potential for dispersive soils both at
samples near the mine open cuts and in higher ground west of the mine open cuts; however Emerson

Crumb dispersion tests will provide a further insight into these results.

Emerson Crumb Dispersive Soil Analysis

Three samples were collected from two locations within the mine site for the assessment of dispersion

characteristics using the Emerson Crumb dispersion tests. The results of the Emerson Crumb indicated:

®  SS49 at 0.0 — 0.3mgbl returned an Emerson Class of 2;
®  SS49 at 0.3 — 0.6mgbl returned an Emerson Class of 3; and
= SS50 at 0.0 — 0.3mgbl returned an Emerson Class of 2.

The Emerson Crumb results and the Ca:Mg ratios suggest that soils located at the north east part of the
mine area are likely to be dispersive and will require management to avoid erosion issues. The Rudosols on
the higher areas in the northwest and southeast of the mine are generally shallow and rocky and will erode
on slopes or scour where present in valleys. They are therefore considered to have a moderate to high

potential for erosion.

Soil Observations

A total of nine waterways were visually assessed within the mine area to determine their erosion potential.
Two sites (SO44 and SO46) were identified as having a moderate to high potential for erosion, while four
sites (5048 to SO51) were thought to have a high potential for erosion. All six sites are dominated by either

sand or silts. The sites with high potential were classified accordingly either due to their appearance as an
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already degraded and eroded channel. The remaining three sites were assessed as having a low potential

with no evidence of erosion or significant disturbance.

Top Soil Resources

The suitability of top soil resources in the mine area for rehabilitation of lands disturbed during the
development required an assessment of suitable topsoil and proposed stripping depths. The useable
topsoil resources are generally limited to the surficial “A” horizon which contains seed stocks, organic
matter, nutrients and biota necessary for plant growth although they can also occur in the upper “B”
horizon. The mine site area soils are dominated by structureless soils (Kandosols) or soils with minimal soil
development (Rudosols), generally in areas of higher relief. This soil classification is supported by both
surface geology mapping and landscape unit mapping for the mine site project area. Data obtained
through field investigations indicates that the soils are predominantly sandy and gravelly clays, silty clays

and sandy soils of low fertility.

Useable topsoil resources are likely to be restricted to the top 0.3m of the soils on the eastern and central
portion of the mine with the lower horizons likely to be too gravelly or clay dominated with little organic

matter.

4.4 Landforms

The mine landscape units reflect the project area topography with landforms being predominantly gently
undulating or level plains over most of the two EPCs rising to strongly undulating to low hilly lands in the
north-west and south-west corners. A detailed description of the landscape units that are observed within

the EPC are outlined in Table 4-4. Mapped Landscape units are shown on Figure 4-4.

Table 4-4: Mine Site Landscape Units

with some fairly
broad flat areas often
broken by rocky
knolls and ridges
some of which may
be steep

earths sandy acid and neutral red
earths and shallow sandy soils on the
ridges and slopes where ferruginous
rock and ironstone gravels are
common. Associated are flatter and
lower lying areas generally of various
hard setting (D) soils. Some slopes
are flatter and in some expressions of
the unit there are cracking clays and
small areas of soils associated with

basaltic flat tops and ridges.

Location Landscape Landform Soils Remarks

Unit
North West Fz7 Strongly undulating to | Dominant soils are shallow stony On some slopes,
and South low hilly lands loams. Associated are shallow sandy | shallow duplex soils
West Corner soils and small areas of sandy red occur
of site earths are included in the unit.
North Central | MS1 Undulating to hilly Dominant soils are sandy acid yellow | This is a broadly

defined and

complex unit
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surfaced red duplex soils. Small
areas of grey cracking clays. Also
occurring are small areas of sandy or

loamy red and yellow earths.

Location Landscape Landform Soils Remarks
Unit
North West My26 Gently undulating or Dominant soils are hard loamy red Included in the unit
and Central level plains earths and yellow earths. The red are some low
West and yellow earths may vary locally in laterite or
dominance, the former occurring sandstone scarps
mainly on slightly higher sites. with shallow stony
loams, and
occasional eroded
mottled rock
pavements
North, North My19 Level or very gently Dominant soils are sandy or loamy Often in the form of
East, South undulating plains red earths with some yellow earth. In | low dunes
Eastand other depressed areas shallow red
Central earths are underlain by a clay D
horizon. Small areas of clay soils may
be included.
North East 0dé6 Small level plains Dominant are sandy or loamy- Occasional low

sands

4.5 Good Quality Agricultural Land (GQAL)

Based on the results of soil sampling the land within the mine footprint would be considered class D GQAL

(Figure 4-5), which is described as being “non-agricultural land, being land not suitable for agricultural uses

due to extreme limitations”.

There is some Class C land in the south east of the EPC but this will not be

impacted by the mine. Class C land is described as pasture “land that is suitable only for improved pastures

or native pastures”.
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4.6 Subsidence

It is likely that underground longwall mining activities will result in surface subsidence.

Appendix 6 - Soils and Geology

A schematic

drawing of the ground impacts above the extracted blocks of coal in a longwall mining system is shown in

Figure 4-6.
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Figure 4-6: Schematic of Potential Ground Impacts Associated with Underground Mining

As the coal seam is removed by the longwall mining method a void the thickness of the longwall seam
remains. The ground immediately above collapses into this void. The overlying strata (or “overburden”)
then sags down onto the collapsed material, resulting in an elongated subsidence “bowl!” developing on the

surface.

The act of this strata failure into the void is integral to the longwall mining method,as it relieves stress on

the surrounding mining blocks and development roadways.

The cavity which has been left behind the retreating longwall face and is subsequently filled with the

collapsed overlying strata is commonly called the “goaf” or “gob”.

The extent of the overlying strata collapse and the associated shearing and cracking of the strata depends
upon the strata geology, the longwall block width, the seam height extracted, and the depth of cover.
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The strata immediately above the longwall goaf collapses into the open void, and hence moves down by a
height equal to the thickness of the seam which was extracted. Due to the way the broken strata material
“bulks” or “swells” as it breaks into the cavity, the cavity is eventually filled with broken material (shown as
“caved zone” in Figure 4-6) and a physical cavity no longer exists. However, the vertical displacement in the
strata continues to propagate upwards in the strata. Cracking and strata damage do not continue to move
vertically beyond the “fractured zone”, even though the ground strata all the way to the surface may be
displaced vertically.

When the ground strata moves downwards sufficiently that the vertical movement reaches the surface, the
surface of the land may also move downwards over the extracted mining areas. This movement is called
“subsidence”.

The amount of subsidence witnesses at the surface is dependent on a large range of factors including:
e Thickness of coal seam extracted (mining height);
e  Depth of cover;
e Properties and rock types of ground strata (i.e. overburden strength);
e Stiffness and bulking characteristics of the collapsed strata;
e  Width and length of longwall block;
e Dimensions of the gate road coal pillars; and

e The maximum subsidence usually occurs in the middle of the extracted longwall panel.

Subsidence Estimates

Estimates of subsidence at the mine site were carried out by Coffey Mining and can be found in the
detailed description of the mine construction and operations in the EIS. In summary the greatest total
subsidence will occur in the surface areas which are affected by the operations in both the B-seam and D-
seam operations. This area will be on the surface in the north western section of the mine foot print. The
total cumulative subsidence in this area is predicted to reach a maximum depth of 3.27m. Average

subsidence across the bulk of the mine site is expected to range between 1.3m to 1.61m.
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5 Rail Alignment

To aid in the interpretation of the key geological features intersected by the rail alignment, the alignment
has been divided into five major geomorphic zones corresponding with Kilometre Points (KP) which
originate at the coal terminal. These KP and geomorphic units and the soil sampling locations within each

geomorphic unit are:

= KPOO-KP25 — Coastal Plains (Sites SSO1 to SS08);

= KP25-KP85 — Clarke Ranges (Sites SS09 to S516);

= KP85-KP125 — Bowen River Valley (Sites $517-S520);

= KP125-KP190 — Leichhardt Range (Sites SS21-5530); and
= KP190-KP447 — Inland Plains (Sites S531-S548).

Within each of these geomorphic units, the topography, geology, soil characteristics (i.e. soil fertility,
sodicity, salinity, erosion potential, topsoil potential), landforms and GQAL are described. The locations of

the relevant sections on the rail alignment are shown in Figure 5-1 and Figure 5-2.
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5.1 Topography

The following sections described the topography of the rail alignment in the five previously described areas
of the 447km.

KP00-KP25 - Coastal Plains

The topography of the coastal plain ranges from wetlands and residual clay plains to flat, weathered granite
and granitic hills. The rail alignment tracks westward for 5.6km from the coal terminal along relatively flat
terrain between 5m and 15m AHD with some isolated areas below the 5m AHD contour associated with

creek crossings.
KP25-KP85 - Clarke Ranges

Elevations in this area range from around 100m AHD to over 1,000m AHD; however the rail alighment
reaches maximum elevations of about 200m. The topography includes the granite hills of Mt Abbot
(1056m), Mt Aberdeen (910m), Mount MacKenzie (514m), Pine Hill (624m), and Highlanders Bonnet
(487m).

KP85-KP125 - Bowen River Valley

The topography of this area reflects the Bowen River Valley’s erosional impact upon the underlying geology
with the topography falling from 233m AHD to 150m AHD in the centre of the valley before climbing up to
350m as the valley gives way to the Leichhardt Range.

KP125-KP190 - Leichhardt Range

The topography of the Leichardt Range inclines from 250m to 516m AHD and includes Bulgonunna Peak
(516m). The intrusive rock types form areas of higher relief with radial drainage to the Suttor Formation
which surrounds them. The area is also dissected by tributaries of the Suttor River that eventually drain to

the southwest, into the Belyando and subsequently the Burdekin catchment.
KP190-KP447 - Inland Plains

The topography comprises undulating plains crossing the Suttor River Valley at 190m to 220m, rising up to
250m on areas of outcrop before dropping back to about 230m on sandy cover. The topography then
steadily rises gently to the west reaching about 250m to 290m across the Belyando River valley and rising to
300m to 320m adjacent to the Permian Sandstones. It finally reaches 330m at the end of the rail
alignment. The generally low undulating topography indicates a low potential for landslip in this area (Plate
5-1).

Topography along the rail alignment is shown in Figure 5-3, Figure 5-4, Figure 5-5 and Figure 5-6.
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Plate 5-1: Inland Plains with ranges in background
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5.2 Geology

This section describes the geology of the rail alignment and the main structural features that may impact
upon project construction such as fault zones and dykes following structural trends within the five regional

zones.
KP00-KP25 - Coastal Plains

The coastal plain is dominated by intrusive/extrusive rock types and recent alluvial and erosional geology
with a low potential for fossils. This includes the predominantly Palaeozoic granitoid terrain from which the
Tenosols and sandy soils are derived and the Quaternary mudflats and alluvial valley floors from which the
cracking clays are derived. Quaternary coastal sand dunes and talus outwash surround the granitoid

intrusives along the coast.
KP25-KP85 - Clarke Ranges

The geology of the Clarke Range is comprised of granite, rhyolite, diorite and other igneous rocks ranging in
origin from Carboniferous to Early Permian age (354 to 270 million years). The foothills of the range are

generally low undulations before rising to very rugged and broken country.

The major structural faults and shears that occur in close proximity to and/or intersect the rail alignment
include those in the Bulgonunna Volcanics region where the north-west trending fault sets dominate
including the Glenore Shear zone. Further to the south-east of the rail alignment, the Millaroo Fault Zone
extends through the Lizzie Creek Volcanics. It is highly unlike that fossil will be found in this area. There are
numerous other faults and structures exploited by dykes that mirror the north-west trend of these zones.
The combination of localised steep topography and greater prevalence of fault and fracture systems
indicates a higher potential for landslip in these areas adjacent to the rail alignment. The presence of dykes
indicates the potential for bars of hard ground requiring rock breaking or explosives in areas otherwise

amenable to normal excavation/construction equipment.
KP85-KP125 - Bowen River Valley

The Bowen River Valley is cut into the Lizzie Creek Volcanics including basalts, andesites, tuffs and minor
acid volcanic. Further south, the Blackwater and Back Creeks Group comprising sedimentary rocks
including sandstones, siltstones, shales and coal. The Hecate granite intrudes these sediments at KP95.
The major structures in the area include northwest trending faults in some intrusive and the easterly dip of

the Blackwater and Back Creeks Group sedimentary rocks.

The Back Creek and Blenheim groups of the Collinsville coal measures and the Blackwater Group are
described as having fossiliferous content (GSQ, 1996). Recorded fossil finds in these units include marine

invertebrates such as bivalves and brachiopods as well as aquatic plants (GSQ, 1996).
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KP125-KP190 - Leichhardt Range

The Leichhardt Range comprises sandstone, conglomerate and claystones of the Tertiary Suttor Formation
to about KP155, after which the corridor intersects the Bulgonunna Volcanics until KP185. Here these are a

group of Carboniferous intrusive volcanic including rhyolite and tuffs.

KP190 - KP447 Inland Plains

From KP190 to the mine, the alignhment crosses sedimentary rocks of the Suttor Formation and alluvium of
the Suttor River derived from these rock types until KP235. From KP235, the sandy alluvium derived from
surrounding rock forms a sheet covering most of the landscape with outcrops of low grade metamorphic
and acid igneous rocks. Tertiary sedimentary rocks and sandstones as well as siltstones of the Permian
Colinlea Sandstone and sedimentary rocks of the Lower Carboniferous Drummond Group are also found in
this area. The Permian and younger sedimentary rocks have fossiliferous potential; however, along the rail
alignment, there is extensive Quaternary cover and therefore there is a low potential for fossiliferous

geological units to occur at the surface.

The largest structure affecting the study area is the Anakie Inlier. The Post-Upper Devonian movement of
the Anakie Inlier shaped the Devonian and Permian depositional basins. This controlled the major
northwest trending fold axes in these basins. The adjacent basinal sediments in the southeast portion of
the China First Project Area are generally much less structurally disrupted with little faulting. These areas
are characterised by very gently dipping sedimentary units. Geology along the rail alignment can be seen on

Figure 5-8, Figure 5-9 and Figure 5-10. A detailed description of the geological units is provided in Table

Appendix 6 - Soils and Geology

5-1.

Table 5-1: Geological Key - Rail Alignment

Geological Era Period/Epoch Formation Name | Lithological Description
Symbol
Cainozoic | Quaternary Coastal Mudflats Fine to medium grained unconsolidated sand

undifferentiated

Qa

Cainozoic | Quaternary Coastal Sand -

undifferentiated Dunes

Qrc Cainozoic | Quaternary Outwash and -
undifferentiated talus

Czs/Cza Cainozoic Undifferentiated Alluvial and Sand/sand and gravel, clayey sand, silty sand,

Deltaic deposits clayey silt and silty/clayey sand.

Cgcx/Cggx Palaeozoic | Upper Un-named Adamellite, granite, some granodiorite, minor fine
Carboniferous — Intrusives grained variants
Early Permian

Cgd Palaeozoic | Upper Un-named Diorite, Quartz diorite, tonalite, gabbro, norite,
Carboniferous — Intrusives minor granodiorite, adamellite and granite.
Early Permian

Kg Mesozoic Lower Permian or Leucogranite, microgranite, minor adamellite,
Cretaceous diorite

Kga Mesozoic | Lower Cretaceous | Mount Abbot Granodiorite, and Adamellite, late stage

Igneous Complex leucocratic phases
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Geological Era Period/Epoch Formation Name | Lithological Description
Symbol
Pa Palaeozoic | Lower Permian Kurungle Andesite, andesite brecca, flow banded rhyolite,
Volcanics agglomerate, tuff
Czc Cainozoic | Tertiary Sedimentary Sandstone and other sedimentary rocks
Rocks
Czl Palaeozoic | Upper Bulgonunna Diorite, quartz diorite, tonalite, gabbro,
Carboniferous Volcanics granodiorite, rare adamelite, diorite, mononite,
granite.
Pwlz Palaeozoic | Lower Permian Lizzie creek Basalt, andesite, agglomerate, lithic and tuffaceous
Volcanics sediments, minor acid volcanic
Pfmw Palaeozoic | Upper Permianto | Mount Wickham Mainly flow banded porphyritic rhyolite, rhyolite
Lower Triassic Rhyolite brecca, subordinate trachyte, dacite, obsidian,
agglomerate
Psb Palaeozoic | Lower to Upper Back creek group Quartzose sandstone, conglomerate, siltstone,
Permian — Collinsville coal calcareous sublabile sandstone, coal seams,
measures carbonaceous shale, plant and marine fossils
Cglg Mesozoic Lower Cretaceous Granodiorite, and Adamellite, late stage
leucocratic phases
Pok Palaeozoic | Upper Permian Blackwater group | Cross bedded well sorted lithic sandstone,
siltstone, quartose sandstone, carbonaceous shale
with some coal seams, pebble and cobble
conglomerate, dolomitic and calcareous
sandstone, tuff plant fossils
Cgcx/Cf/Dfiv | Palaeozoic | Upper Devonian Connors Volcanics | Andesite, rhyolite, and dacite lavas, agglomerate,
to lower volcanic brecca
Carboniferous
and
undifferentiated
Czcsu Cainozoic Tertiary Suttor Formation Coarse clayey sandstone, sandy claystone,
polymictic pebble and cobble conglomerate, minor
oil shale lateritised. Olivine basalt
Cfb Palaeozoic | Devonian/ Mt Rankin Beds Sedimentary Rocks
Carboniferous
Czl Palaeozoic | Carboniferous Bulgonunna Flow banded, porphyritic, rhyolite , quartz
Volcanics feldspar, porphyry, acid tuff and agglomerate, acid
to intermediate stocks and bosses
Nya Palaeozoic | Lower Palaeozoic | Anakie Quartz-mica shist, mica schist, hornfels, slate,
Metamorphic sandstone
Csry/Cwst Palaeozoic | Devonian Drumond Group Feldspathic quartz sandstone, buff siltstone and
carboniferous claystone, rhyolite flows and agglomerate,
sublabile sandstone, siltstone fossiliferous
Czs Cainozoic Quaternary Sand, sandy soil
undifferentiated
Csdu/Csdl Cainozoic undifferentiated Sedimentary Sandstone / Siltstone
Rocks
Psb Palaeozoic | Lower Permian Colinlea Labile and Quartz sandstone, minor siltstone and
Sandstone coal
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Figure 5-9: Geology (KP235 - KP360)
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Figure 5-10: Geology (KP360 - KP447)
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5.3 Soils

The following section provides an overview of the soil types along the rail alignment split into the five

specific regions.

KP00-KP25 - Coastal Plains

Soils in the coastal area are regionally mapped as Sodosols; however, site sampling in the APSDA indicates
Vertosols and some Tenosols are present (see Section 6.3). Vertosols include clay soils with shrink-swell
properties that exhibit strong cracking when dry and can be associated with gilgai landscape microrelief.
They also form mounds and depressions in the landscape as a result of repeated shrinking and swelling of
the clay blocks of subsoil. Tenosols comprise sandy to gravelly soils derived from granitoid outwash.

Sodosols include sodic soils predominantly in areas subject to periodic inundation.

The descriptions of soils sampled in the coastal plains are provided in Appendix C. This includes Tenosols
and Vertosols on the coastal land above the inundated saline mudflats that have a pH of 5.9 to 8.6. More
alkaline soils are generally associated with Vertosols and Sodosols. The soil fertility is indicated by CEC
which identifies the soil’s ability to supply the plant nutrients Ca, Mg and K. The Tenosols generally have
low CEC (i.e. SS01, 1.9meq/100g) while the clay soils have generally higher CEC (SS05, 52.4meq/100g). This
is also reflected in the individual cation analyses. Saline soils with salt scalds are apparent on periodically
inundated lands adjacent to the wetlands. Salinity as indicated by the chloride and EC suggests that
Tenosols generally have low salinity while the Vertosols have moderate salinities.

The topsoil availability is likely to limited in the range of <0.1m in the area of the shallow Tenosols, while
the Sodosols may produce topsoils up to 0.3m thick. Cracking clays are present at several locations (SS03,
06 and 08) throughout this area, generally in very low flat plains and/or near creeks and floodplains (Plate
5-2).

The soil sodicity and/or Emerson Crumb dispersivity analyses of samples SS02 and SS06 reported high
potential for erosion and indicate that soils in these areas tend to be sodic in nature and prone to

dispersion and erosion.

The variable rainfall and relatively flat topography of this area can result in localised flooding occurring over
railway during rain events >200mm over a 48hr period. Flooding generally occurs during summer months
as a result of heavy monsoon rainfalls caused by tropical lows and rain depressions generated from
cyclones crossing the north eastern Queensland coastline. This can contribute to scour and tunnel erosion

in soils in this area.

Six sites were visually assessed to determine their potential for erosion. Four of the six sites (Sites SO2,
S03, SO6 and SO8) were assessed as having a high potential for erosion. The four sites were deemed to
have a high potential either due to evidence of existing erosion or were considered to be susceptible to
erosion due to sandy substrates with no vegetative cover. The remaining two sites were assessed as having

a low potential due to minimal erosion or comprising heavily vegetated banks.
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KP25-KP85 - Clarke Ranges

Dominant Chromosol, Sodosol and Vertosols soils within this area include loamy red duplex soils from KP25
to KP57, shallow stony, loamy red duplex soils from KP58 to KP63 and hard alkaline yellow soils from KP63
to KP74. The hilly areas have very shallow stony duplex soils, while valley floors have occasional small areas
of dark clays and/or red-brown clays, hard alkaline yellow and crusty loamy soils that are generally
consistent with the area being mapped as Chromosol soils with some cracking clays in valleys. However,
the dominant soils are loamy red duplex soils of shallow to moderate depth (up to 0.3m). In some areas
yellow loamy duplex soils are locally dominant, although these are often closely associated, particularly on

lower slopes with mottled yellow duplex soils.

Plate 5-2: Cracking Clay

Between approximately KP75 and KP85, the alignment traverses an area bordering Sodosol/Vertosol soil
areas. The landform in this section of the alignment includes moderate to strongly undulating lands with
some hills. Dominant soils are described as grey loamy and standard loamy duplex soils associated with
alluvial plains which are more consistent with Sodosol soils. From approximately KP82 to KP84, the
dominant soils are shallow sands, sandy or loamy duplex soils which are more consistent with the Sodosol
or Tenosol soils (weakly developed soils). Based upon the mapped soil types and observations from soil

sampling, topsoil is expected to be in the range of 0.1m to 0.3m.
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The area dominated by Chromosol soils are generally low salinity but often also low fertility soils as
indicated by CEC results of 4.6 (SS09) to 8.6 (SS13) in most samples from this area. Though some clays
around river valleys have high CEC and greater potential for agriculture (SS15), they also have low Mg

content.

From approximately KP25 to KP85, the Chromosols in areas of higher relief are likely to have low to high
erosion potential. While these soils generally contain high organic matter and lower proportions of
sand/silts, the higher relief increases the potential for erosion in some areas. In the lowland portions of this
area, the erosion potential will generally be lower, except where creeks with periodic high flows which can
scour the soil profile. Where sampled, Emerson Crumb tests identified Chromosols as having moderate
erodibility on the surface and at depth and are anticipated to have lower potential for erosion than other

areas.

The Sodosols had near neutral pH and low salinity. Some (SS15) had low ESP and are considered to be
generally less prone to erosion than the Chromosols. Topsoil depths are anticipated to be in the order of

0.1to0 0.3m in Chromosol areas and up to 0.6m deep in Sodosol areas.

Six sites were visually assessed to determine their potential for erosion. Five of the six sites (Sites SO10 to
S015) were described as having a low potential for erosion due to a combination of predominantly clayey
substrates, vegetative cover and low energy stream flows. Site SO9 would likely have a high potential for
erosion due to sandy banks and a rocky stream bed indicating the potential for high energy flows capable of

severe scouring.

KP85-KP125 - Bowen River Valley

Sodosols mapped in the area includes loamy duplex soils with mottled yellow-brown subsoils. These were
present in the undulating lands on tributaries while small alluvial areas have grey loamy duplex soils.
Tenosols are present as thin soils on sandstone ridges (Figure 5-12, Plate 5-3). Dominant soils in the valley
floor include dark clays of moderate depth, with older terraces and levees having deep sandy or sandy loam
with 0.3m to 0.6m A horizons with a clear change to reddish brown clay or sandy clay. Gilgai microrelief is
present on the deep clays. On the southern undulating slopes that rise to the south, more thin loamy
duplex soils are present. This area is usually strongly dissected by many small streams and nearly all soils

have a gravel-strewn surface and are often eroded.

From approximately KP85, the rail alignment traverses Sodosol mapped areas until it reaches about KP125

where the alignment traverses an area bordering Tenosol/Sodosol/Kandosol soil mapped areas.

Soils are described as sandy to loamy duplex soils and some shallow sands on the moderately undulating
lands consistent with the Sodosol and Tenosol mapped areas with deep sandy or sandy loams on the
alluvial flood plains more consistent with Kandosol soils (soils which lack a strong texture contrast and have

a weakly structured B horizon).

Soils in these areas generally have a pH from 6.9 to 7.9, with low CEC indicating generally low fertility. The

deep clays in the river valleys have higher CEC. The soils are generally low salinity soils with low EC and low
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to medium ESP. However, the clay soils at SS20 (Rosella Creek a tributary of the Bowen River) were saline
with a high ESP indicating some salinity is present in soils in the valley floors. These valley floor clay soils
can also be sodic and therefore susceptible to dispersion, as indicated by high ESP and/or low Ca:Mg ratios.

Some clay soils (S518) had high Emerson Crum results indicating low potential for erosion, while others
(5519) had lower results. This indicates that while clays are widespread throughout the valley floors, the

erosion potential of these soils will vary over their extent in the alignment.

From a review of aerial photography and on-site observations, areas around creek lines appear to be
subject to erosion. However, the erosion potential can vary along the alignment within individual soil
types. The most susceptible soils for erosion are sodic or dispersive clays and loamy soils. Topsoil
availability in areas is not subject to excess salinity or sodicity and is generally considered to be between

0.1m to 0.2m; however some sandy loams on alluvial terraces may have topsoils up to 0.6m deep.

Three sites (5016, SO17 and SO18) were visually assessed for their erosion potential. One site (S016) was
assessed as having a low erosion potential due to the observed heavily vegetated clayey banks comprising a
stepped formation, rather than steep incline, and moderate flow. Sites SO17 and SO18 were identified as

having a high erosion potential attributable to silty /sandy banks with little vegetative cover.

Plate 5-3: Soil Profile in Bowen River Valley
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KP125-KP190 - Leichhardt Range

The rail alignment traverses mainly Tenosol with small areas of Kandosol. The landscape varies throughout
this portion of the alignment from level plains to strongly undulating elevated land. Dominant soils on the
level plains are loamy yellow earths with areas of loamy red earths and cracking clays. Dominant soils on
the strongly undulating elevated areas may include shallow stony gritty leached sands or sandy loams more

consistent with Tenosols.

Soils in this area include acidic soils with very low CEC and ESP (5524, 25, 26, 27 and 30). Several samples
(5525, 27, 29 and 30) had very low exchangeable calcium and low Mg, indicating low fertility soils. This was
further enforced by poor growth on stony soils. The soils are generally low salinity soils with Ec of <150,
low chloride and low to very low ESP with the exception of Sodosols where soils (SS30) recorded a very high
Ec of 2240us/cm, chloride of 3020mg/kg and very high ESP of 54.2.

Kandosols in the generally low relief areas between KP130 and KP190 are considered to have generally low
to moderate erosion potential. The higher erosion potentials are expected locally in alluvial areas with
higher sand or silt contents. Emerson Crumb results indicate that some soils in the valley floors have
moderate dispersion potential and will be susceptible to erosion after disturbance, while others are

generally stable.

Tenosols from KP165 to KP190 are generally shallow soils in areas of moderate to high relief and are
anticipated to have moderate to high erosion potential (Plate 5-4). The Tenosols were non-dispersive;
however, the stoniness of these soils combined with the shallow bedrock would be unsuitable for stripping

and susceptible to erosion. The Tenosols encountered in sampling had nil to minimal (0.05m) topsoil.

Five waterway sites (SO20 to SO24) were visually assessed for their erosion potential. Three of the five sites
(5020, SO21 and SO24) were assessed as likely having a high erosion potential. Evidence of erosion was
observed at Sites SO20 and SO24, while Site SO21 was described as sandy banks with moderate flow. The
remaining two sites (SO22 and SO23) were assessed as having a moderate to high erosion potential

comprising sandy substrates with high proportions of vegetation likely to reduce the potential for erosion.
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Plate 5-4: Tenosol

KP190-KP447 - Inland Plains

From approximately KP190 to KP220, the alignment traverses areas mapped as Sodosols. The landscape varies from
the gently undulating to low hilly lands from about KP190 to KP200 to level or gently undulating plains from
approximately KP202 to KP225. Dominant soils on the hilly land are shallow stony gritty leached sands or sandy loams
more consistent with Tenosol soils. The soils of the sloping plains consist of loamy duplex soils more consistent with
Sodosol soils to loamy yellow, red and grey earths and cracking clays on the lower areas associated with Vertosol soils
(from approximately KP215 to KP305). Landforms include level to gently undulating alluvial plains from approximately
KP220 to KP230, KP257 to KP274 and KP282 to KP361 with more strongly undulating lands from KP231 to KP256.

Soils described on the more strongly undulating slopes are dominated by sand and gravelly loamy duplex soils and
sandy red earths more consistent with Sodosol or Kandosol soils. Dominant soils within the more level or gently
undulating land include deep grey clays and cracking clays consistent with Vertosol soils and loamy duplex soils, sandy

red and yellow earths more consistent with Sodosol or Kandosol soils.

From approximately KP305 to KP420, the alignment traverses areas predominantly soils mapped as Kandosols with a
section of Vertosols from KP365 to KP375. The landform in this section of the alignment varies from level plains to

undulating lands with the exception of some strongly undulating land from approximately about KP410 to KP412.
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Dominant soils on the level plains to undulating lands include sandy and loamy red and yellow earths, loamy duplex
soils consistent with Kandosol, Chromosol or Sodosol soils and grey deep clays consistent with Vertosol soils. The
dominant soils on the strongly undulating land are shallow stony loams with small areas of stony red earths consistent

more consistent with Rudosol soils.

From approximately KP420 to KP447, the soils are mapped as Kandosol soils. Land forms consist of very gently to level
undulating plains. Dominant soils are sandy or loamy red and yellow earths with some areas of sandy surfaced duplex
soils, associated with deep red sands that form low dunes. This is consistent with the mapped Kandosol soil
description. These soils are generally neutral or near neutral pH with low salinity. The soils mostly have low CEC and
ESP indicating lower fertility with the exception of some areas in the alluvial valleys. Sodicity as indicated by ESP is

generally low although some clays soils have elevated sodicity.

The Emerson Crumb results (SS48) suggest that the soils have the potential for erosion through dispersion. They also
generally have low Ca:Mg ratios. However, the generally lower topography results in overall lower potential erosion

impact from rainfall runoff.

Topsoil depth varies along this area of the rail alignment. Deeper topsoils of 0.25-0.6m thickness were observed
although, generally they are approximately 0.3m thickness which are expected in areas of heavy clay soils, while the

sandy soils exhibit shallower topsoil depth of up to 0.15m.
A total of 19 sites were visually assessed for their erosion potential. Of the 19 sites:

= 12 sites (SO25 to SO30, SO32 to SO34 and Sites SO37, SO38 and SO41) were assessed as having a low erosion
potential;

=  Two sites (SO31 and SO40) were assessed as having moderate erosion potential;

"= Four Site ( SO35, SO36, SO42 and SO43) were assessed as having a moderate to high erosion potential; and

= S039 was assessed as having a high erosion potential.

S039 was categorised as having a high erosion potential due to loose silty soil observed on the steep and already
eroded banks, compared to predominantly clayey substrates with greater proportions of vegetation at the remaining

locations.

Dominant soils along the rail alignment are shown on Figure 5-11, Figure 5-12, Figure 5-13 and Figure 5-14.
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Figure 5-11: Dominant Soils (KP0OO - KP85)
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Figure 5-12: Dominant Soils (KP85 - KP235)
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Figure 5-14: Dominant Soils (KP360 - KP447)
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5.4 Landforms

The following section provides an overview of the landforms along the rail alignment within the five
identified regions.

KP00-KP25 Coastal Plains

The landform of this section of the alignment is characterised by level plains and gently undulating lands to
KP18. At KP18, the slope of the land increases to moderately/strongly undulating lands in which the soils
are dominated by sandy or loamy duplex soils consistent with Sodosol soils. In contrast, from KP02 to KPOS5,

deep dark cracking clays are observed which are consistent with Vertosols with slight gilgai microrelief.

Plate 5-5: Gilgai Microrelief in the China First Project area

KP25-KP85 Clarke Ranges

The dominant landforms in the Clarke Range are moderately and/or less commonly, strongly undulating
lands with occasional isolated hills surrounded by strongly dissected steep slopes with limited rock outcrop

and some valley plains.

KP85-KP125 Bowen River Valley

The landforms include moderate to strongly undulating lands with occasional high strike ridges with

sandstone outcrop on the south facing valleys slope, changing to undulating land with gently sloping plains,
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moderate to high mostly stony ridges, and some low stony basaltic hills. Near the Bowen River the
landforms comprise gently undulating alluvial flood-plains, often with marked terraces, levees, and shallow
drainage depressions which rise to the south to moderate to strongly undulating lands with an occasional

low hill.

KP125-KP190 Leichhardt Range

The Leichhardt Range includes strongly undulating lands with some low cuesta-like hills that frequently
have massive sandstone outcrops of the Suttor Formation. This can include low sandstone mesas and
lateritic scarps. There can also be level plains, with broad low lake-like depressions. The undulating lands
include shallow sands with some evidence of leaching and on the lower slopes, sandy or loamy duplex soils.
In the level plains and broad depressions, loamy yellow and red earths are present, with areas of cracking
clays with gilgai microrelief present. In some steeply sloping areas, stony soils occur, while mesas can have
kaolinised sandstone derived soils.

KP190-KP447 Inland Plains

The landforms are dominated by undulating lands, level alluvial sandy plains and clay plains. Undulating
lands consist of level to sloping plains interrupted by low mesas, lateritic scarps, gravelly ridges or their
dissected remnants where sedimentary rocks outcrop. These units become more strongly dissected at

their margins. The intrusive rocks generally develop small steeper sided hills.
The alluvial plains are level to very gently undulating and include sandy alluvium and alluvial plains
associated with major streams. In some areas, clay soils dominate the alluvial plains and these areas can

have moderate to strong gilgai microrelief.

Landscape units identified along the rail alignment are shown on Figure 5-15, Figure 5-16, Figure 5-17, and

Figure 5-18. A detailed description of the landscape units is provided in Table 5-2.

Table 5-2: Landscape Unit Descriptions - Rail Alignment

Landscape Landform Soils Remarks

Units

Va50 Undulating or gently dominant are sandy or loamy often | The unit have shallow
undulating lands/small areas gritty duplex soils coarse sands

of granite outcrop

Kf13 Level plains Dominant soils are deep dark A slight gilgai microrelief is
cracking clays with lesser grey clays. | often present

Va86 Gently undulating outwash Dominant are deep loamy duplex The sands are confined to
slopes and fans. soils with closely associated deep the relic stream channel
bleached sands. infills and fans.
SI16 Gently undulating plains. Dominant are deep loamy duplex Data is limited.

soils. Included in the unit are areas
of deep grey-brown and brown
cracking clays
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Landscape Landform Soils Remarks
Units
Qal4d Moderately or, less Dominated by loamy red duplex The hilly areas have very
commonly, strongly soils of shallow to moderate depth. | shallow stony duplex soils
undulating lands with In some areas, yellow loamy duplex
occasional isolated hills soils are locally dominant. Often
surrounded by strongly closely associated, particularly on
dissected steep slopes; lower slopes with mottled yellow
limited rock outcrop may duplex soils
occur throughout. Very
occasional small areas of dark
clays or red-brown clays may
also be included in the unit
Qall Low hilly to hilly lands with Dominated by mostly shallow and Rocky outcrop is common
some strongly undulating often stony loamy red duplex soils. throughout
marginal slopes; hill crests Occasional areas of red friable
are often rounded and slopes | earths. On some lower slopes and
are moderate valley floors, yellow or brown loamy
duplex soils occur
Qal2 High hilly lands with some Dominant are shallow stony loamy Marginal to the unit,
mountainous areas; nearly all | red duplex soils. Small areas of red | topography may be
hills have steep slopes but friable earths are associated in strongly undulating; rock
crests are often rounded some areas. Higher hill crests and outcrop is common
more stony sites have shallow stony | throughout
loams
SI117 Valley plains Chief soils are probably hard Associated are crusty
alkaline yellow soils loamy soil and cracking
clays
vds Moderate to strongly Dominated by loamy duplex soils Occasional highly
undulating lands with with mottled yellow-brown calcareous ridges have
occasional high strike ridges subsoils. Associated small alluvial shallow loams. Where
with sandstone outcrop plains have grey loamy duplex sandstone outcrop are
prominent, shallow sand
soil occurs
113 Strongly undulating lands Dominant soils are shallow sands, In some areas, higher
with some low cuesta-like with some leached sands. On lower | levels of quartz gravel may
hills that frequently have slopes, sandy or loamy duplex soils occur. Data is limited
massive sandstone outcrops occur
Kb26 Undulating lands with gently Dominant soils are those of the Often display linear gilgai.
sloping plains, moderate to plains and lower ridge slopes, these | The higher ridges and low
high mostly stony ridges, and | have dark clays of moderate depth hills have rock outcrop and
some low stony basaltic hills shallow stony soils
Qb27 Gently undulating alluvial The dominant soils are those of the | On the most recent
flood-plains, often with older terraces and levees. They terraces that may be
marked terraces, levees, and have deep sandy or sandy loam. A subject to flooding
shallow drainage depressions | horizons (0.3 to 0.6m) with a clear
change to reddish brown clay or
sandy clay
SI23 Moderate to strongly A complex array of loamy duplex The area is usually strongly
undulating lands with an soils is present, most are shallow dissected by many small
occasional low hill streams and nearly all soils
have a gravel-strewn
surface and are often
eroded and outcrops are
common
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Landscape Landform Soils Remarks
Units
Ms5 Level plains with many broad | Dominant soils are loamy yellow In many of the yellow
very shallow lake-like earths with some areas of loamy earths nodular or massive
depressions red earths. The shallow nodular laterite occurs at
depressions have cracking clays relatively shallow depths
with a slight sink-hole-type
gilgai
Tb119 Undulating to strongly The dominant soils are probably On the low dissected
undulating lands with many those on higher sloping sites where | kaolinised sandstone
low sandstone mesas, very pale grey loamy duplex soils. mesas and pallid-zone
lateritic scarps, and their more extensive level plains or scarps shallow stony sands
dissected remnants plateau surfaces have loamy yellow | are common associated
earths with very pale sandy or
loamy duplex soils
Cd14 Low hilly to strongly Dominant soils are very shallow Throughout this unit there
undulating elevated lands (0.15 to 0.45m) stony gritty leached | may be small remnants of
with some steeper high hilly sands or sandy loams. Less unit Th119
areas common are similar stony loams
SI112 Level to very gently Dominant soils are moderately Numerous anastomosing
undulating alluvial plains deep-surfaced loamy duplex soils. old infilled channels
The chief associated soils in lower
sites are massive mottled cracking
clays
Mrl Undulating lands consisting Dominant soils of the plains and Included in the unit in the
of some level or sloping slopes are loamy yellow earth. Mt. Coolon area are some
plains interrupted by low Most soils contain much nodular small areas of units Cd14
mesas or their dissected ironstone at depth. Associated with | and CC33
remnants, marginally the unit | areas of loamy red earths and grey
may be more strongly earths. The low mesas consist of
dissected mottled or pallid rock or kaolinised
sandstone
SI112 Level to very gently Dominant soils are moderately Numerous anastomosing
undulating alluvial plains deep-surfaced loamy duplex soils. old infilled channels
The chief associated soils in lower
sites are massive mottled cracking
clays
Mz17 Undulating lands with Dominant soils are slightly acid Has slight to moderate
occasional lateritic scarps and | loamy red earths which often gilgai microrelief
low mesas contain many ironstone nodules at
depth. Associated with neutral
loamy red earths and lesser loamy
yellow earths. The soils of the
scarps and mesas are loamy red
earths on the more extensive
surfaces, elsewhere shallow stony
loams
CC33 Level or very gently Dominant soils are deep grey clay Slight to moderate gilgai
undulating clay plains but areas of deep brown clays are microrelief, occasionally
commonly associated In some areas | stronger. Where the unit is
brown clays occur on the gilgai adjacent to major streams,
banks and grey clays in the many small braided
depressions. Closely associated channels occur
throughout the unit are areas of
loamy duplex soils
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Landscape Landform Soils Remarks
Units
CC35 - Dominant soils are deep grey clays. Numerous braided
Some clay soils possess a slight to channels may occur and
moderate gilgai microrelief. many areas are subject to
Associated are lesser areas of thin- irregular flooding
surfaced loamy duplex soil
SI19 Moderate or occasionally Dominant soils are extremely There may be small areas
strongly undulating lands gravelly (quartz) loamy duplex soil. of gravel-strewn
On some higher ridges, shallow moderately gilgaied grey
gravelly loams occur clays in lower sites
My35 Undulating lands, often with Dominant soils are loamy or sandy The high gravelly ridges
high gravelly ridges red earths that are often gravelly. have either sandy red
Lesser areas of yellow earths occur earth extremely gravelly
on lower slope sites sandy soils
CC29 Level plains with moderate to | Dominant soils are grey or light grey | Small flood-plains occur
strong gilgai microrelief deep clays with loamy duplex soils adjacent to associated
closely associated in non-gilgaied drainage lines
sites
14 Gently undulating plains Dominant soils are very deep clays. Occasionally have linear
Occasional areas of very deep gilgai on slopes
brown clays may occur, and also
shallow highly calcareous soils
SI21 Gently undulating plains Dominant are loamy duplex soils In some localities there
with a slightly gravel-strewn may be occasional high
surface. Also occurring, are smaller | stony ridges with shallow
areas of slightly gilgaied or non- stony soils
gilgaied grey clay
Vvd2 Level or very gently Dominant soils have deep sandy A Broad shallow valleys
undulating plains horizons. Smaller areas of loamy- associated with drainage
surfaced soils are associated with lines
some drainage lines. Occasionally
swampy depressions with clay soils
My20 Level or very gently Dominant soils are loamy red earths | Small flood-plains
undulating plains with some loamy yellow earths and | associated with drainage
limited occurrences of gilgaied clays | lines
Ms2 Very gently undulating or Dominant soils are slightly acid Ironstone nodule layers
level plains sandy yellow earths. Small areas of | often occur at moderate
loamy red and yellow earths also depths
occur and broad shallow drainage
depressions have sandy-surfaced
duplex soils
SI11 Small flood-plains Chief soils are hard alkaline yellow Largely derived from
and brown soils. Some areas may sandstones, quartzites, and
have a surface covering of stones limestones; occasional
sandstone ridges
Ro5 Undulating lands Dominant are brown loamy duplex Other alkaline duplex soils
soils, often with gravelly A horizons. | with bleached A2 horizons
Associated are red duplex soil and also occur
small areas of cracking clays
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Landscape Landform Soils Remarks
Units
My19 Level or very gently Dominant soils are sandy or loamy Often in the form of low
undulating plains red earths with some yellow earth. dunes
In other depressed areas, shallow
red earths are underlain by a clay D
horizon. Small areas of clay soils
may be included
Qal5 Level or very gently A complex range of soils are present | Low sand dunes and
undulating alluvial plains that | but mostly dominant by soft loamy slightly elevated sand-filled
are often dissected by older red duplex soils with moderately prior stream channels are a
channels deep A horizons. Closely associated | prominent feature of the
with soft loamy or occasionally unit
sandy red earths
Ms1 Gently undulating or level Dominant soils are sandy or, less These soils are mostly
plains commonly, loamy yellow earths. underlain by nodular or
Throughout the unit are small areas | concretionary laterite at
of earthy sands shallow to moderate
depths and occasionally
outcropping
Fz7 Strongly undulating to low Dominant soils are shallow stony -
hilly lands loams. Small areas of sandy red
earths
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Figure 5-15: Landscape Units (KP0OO - KP85)
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LANDSCAPE UNITS

Hilly or high hilly lands.

Ju13 Strongly undulating lands with some low cuesta-like
hil

JK2 | Low fixed sand dunes paralleling the coastline

Jb1 Salt pans and tidal flats or salt-water couch meadows
merging into mangrove swamps

Undulating lands with gently sloping plains

Level plains, gilgai microrelief often present

Undulating or level plains, occasionally with slight to
moderate gilgai microrelief
m High hilly or mountainous lands, mostly with steep
slopes
Qa1 Low hilly to hilly lands, hill crests are often rounded
and slopes are moderate
- High hilly lands, hills have steep slopes but crests
are often rounded
Qal4d Moderately to strongly undulating lands with occasional
isolated hills surrounded by strongly dissected steep slopes
Undulating or gently undulating lands. Loamy red
duplex soils are dominant
Gently undulating alluvial flood-plains, often with marked
terraces, levees, and shallow drainage depressions
SH6 Gently undulating plains dominanted by deep loamy
duplex soils

alley plains
Very gently undulating or level alluvial plains
Va50 | Undulating or gently undulating lands.

Va86 | Gently undulating outwash slopes and fans

Level or gently undulating alluvial plains

vd Moderate to strongly undulating lands with occasional
high strike ridges with sandstone outcrop.
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LANDSCAPE UNITS

Low hilly or strongly undulating lands

CB7 | Dissected tableland with dunes and swamps
Level plains with moderate to strong gilgai microrelief

Level or very gently undulating clay plain

CCB35| Alluvial plains associated with major stream
Low hilly to strongly undulating elevated lands

High, steep-sided, sandstone hills

i3 | Alluvial plains associated with major drainage lines

Strongly undulating lands with some low cuesta-like
hills

Undulating lands with gently sloping plains & eEk

MM1 Alluvial plains, sometimes with slight to moderate ‘('\_w

gilgai microrelief Ofa("
MM13 Undulating or level plains, occasionally with slight to £
——— moderate gilgai microrelief

MR1 | Mountainous ranges
Ms5 | Gently undulating extensive plateau
My35| Undulating lands, often with high gravelly ridges

Undulating lands with occasional lateritic scarps

Genlly undulating alluvial flood-plains, often with marked
terraces, levees, and shallow drainage depressions

- Level alluvial flood-plains.
Moderate or occasionally strongly undulating lands,
Si19
soils are extremely gravelly (quartz) loamy
SI21 ] Strongly undulating or low hilly lands with some areas
L =="1 of flat-topped benched higher hills
- Moderate to strongly undulating lands with an occasional
low hill, dissected by streams
Very gently undulating or level alluvial plains
Tb119 Undulating to strongly undulating lands with many low
sandstone mesas
Gently undulating plains. Dominated by sandy duplex
soils
Va5 Undulating or moderately undulating lands with broad
valleys
Undulating lands with some alluvial plains
- Moderate to strongly undulating lands with occasional
high strike ridges with sandstone outcrop.
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Figure 5-16: Landscape Units (KP85 - KP235)
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Figure 5-17: Landscape Units (KP235 - KP360)
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Figure 5-18: Landscape Units (KP360 - KP447)
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5.5 Good Quality Agricultural Land

The assessment of GQAL is based on the results of soil sampling, site observations and regional soil data. A

summary table of GQAL assessment is provided in Appendix C.

KP00-KP25 Coastal Plains

Class C GQAL (only suitable for grazing or native pastures) extends from KP0OO to KP15 except where
inundated saline areas indicate land is not suitable for agricultural production. Class A GQAL (land suitable
for cropping with minimal limitations) occurs in small areas between approximately KP15 and KP25.

KP25-KP85 Clarke Ranges

This section of the rail alignment includes Class C GQAL from KP25 to KP60 and Class A GQAL from KP60 to
KP85.

KP85-KP125 Bowen River Valley

GQAL in this area includes class D GQAL (land not suitable for agriculture) from KP110 to KP125 with Class C
(KP85-KP105) and Class A (KP105-KP110) GQAL in discrete areas.

KP125-KP190 Leichhardt Range

This section of the rail alignment has limited areas of GQAL reflecting the low fertility of the soils. Class C
GQAL extends from approximately KP125 to KP155, while Class D GQAL extends from KP155 to KP190.

KP190-KP447 Inland Plains

Discrete patches of GQAL occur over the extent of this section of the rail alignment. Class A GQAL occurs
between KP320 to KP355 and KP385 to KP430. Class B GQAL (marginal for current or potential crops due to
severe limitations) intersects the alignment between approximately KP190 to KP225, KP255 to KP290 and

KP355 to KP385. Class C GQAL extends from KP225 to KP255 and KP290 to KP320.

GQAL along the rail alignment can be seen on Figure 5-19, Figure 5-20, Figure 5-21 and Figure 5-22.
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Figure 5-19: GQAL (KPO0O - KP85)
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Figure 5-20: GQAL (KP85 - KP235)
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Figure 5-21: GQAL (KP235 - KP360)
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Figure 5-22: GQAL (KP360 - KP447)
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6 Coal Terminal

This section provides a description of the topography, geology, soils and landforms within the APSDA and
land in proximity to the Port of Abbot Point.

6.1 Topography

The location of the coal terminal straddles the 5m AHD contour with approximately 25ha of the 38ha area
located below the 5m AHD contour and 13ha above the 5m AHD contour (Figure 6-1). Approximately
2.4km of the 5.8km coal conveyor alignment crosses the coastal mudflats below 5m AHD.

The topography of Abbot Point consists of coastal mud flats lying at elevations below 5m AHD and abrupt
granitic hills such as Mount Luce located to the west of the coal conveyor alignment and Mount Roundback

located to the south east of the coal terminal and conveyor rising to 728m AHD.

Plate 6-1: Coastal Flats and Mt Luce
6.2 Geology
Geological mapping of the APSDA region indicates the geology in the area of the coal terminal comprises

primarily Quaternary coastal dunes and sand plains comprised mainly of sands sourced from wind (Aeolian)

and Cainozoic alluvial and deltaic deposits of silt, sand and clay (Figure 6-2).
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The basement underneath these more recent deposits includes significantly eroded and remnant inselbergs

of granitic rock representing the basement rocks that outcrop south of the site at Bald Hill and at Mt Luce

(Mt Stuart). These are granitoids of Upper Carboniferous to late Permian age into which some dolerite

dykes have subsequently intruded. A summary of the geological units underlying the Abbot Point area is

shown in Table 6-1.

Table 6-1: Geological Key - Abbot Point

Geological Era Period/Epoch Formation Name | Lithological Description
Symbol
Qa Cainozoic | Quaternary Coastal Mudflats Fine to medium grained unconsolidated
undifferentiated sand
Qe Cainozoic | Quaternary Coastal Sand Fine sands
undifferentiated Dunes
Czs Cainozoic Undifferentiated Alluvial and Sand/sand and gravel, clayey sand, silty
Deltaic deposits sand, clayey silt and silty/clayey sand.
Cggx Palaeozoic | Upper Un-named Adamellite, granite, some granodiorite,
Carboniferous — Intrusives minor fine grained variants
Early Permian
Cgd Palaeozoic | Upper Un-named Diorite, Quartz diorite, tonalite, gabbro,
Carboniferous — Intrusives norite, minor granodiorite, adamellite
Early Permian and granite
P-Rg Mesozoic Lower Permian Leucogranite, microgranite, minor
adamellite, diorite
Kg Mesozoic Lower Cretaceous | Mount Abbot Granodiorite, and Adamellite, late stage
Igneous Complex leucocratic phases

The coal terminal lies on Quaternary and recent formations that overlie subsurface geology which would

provide indications of structural geology. GSQ mapping shows the major structural faults and shears that

occur in close proximity to and/or intersect the Abbot Point area. These are present predominantly along

the rail alignment.

The geology of the Abbot Point area includes Carboniferous to Permian intrusive rocks and Quaternary and

recent residual colluvial and alluvials. The area is very unlikely to have fossils.
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6.3 Soils

The main soil types within and adjacent to Abbot Point indicates that the area is dominated by Sodosols —
soils in which a clear B horizon where the upper 0.2m or major part of the B horizon is sodic and not
strongly subplastic. Sodosol soils will set hard when dry and are prone to dispersion and instability. These
soils are dominantly red, brown, yellow, grey or black in the B horizon and may have hardpans or calcrete.
Figure 6-3 shows the mapped soils at Abbot Point. Table 6-2 provides approximate correlations between

the Australian Soil Classification and the other soil classifications for the soils encountered at Abbot Point.

The area also contains seasonally or permanently wet soils in the wetland mudflats that are regionally
mapped as Sodosols but could also be termed Hydrosols and include cracking clays. In addition, there are
Tenosols (weakly developed soils) derived from the granitic intrusive that are not mapped at the regional
scale. The Tenosol and cracking clay extents as estimated from field observation are illustrated with
regionally mapped Sodosol in Figure 6-3.

Plate 6-2: Tenosol Soils

E3 Consulting Australia Pty Limited ABN 44 242 443 207
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Table 6-2: Description of the Major Soil Classification Schemes - Abbot Point

Appendix 6 - Soils and Geology

ASC Description PPF Great Soil Groups
Sodosols These are soils with a strong Many duplex (D) soils | Solodised solonetz and
texture contrast between the A solodic soils, some soloths
and B horizons (increase n clay) and red brown earths,
and high sodium which may lead desert loams
to dispersion and instability;
Hydrosols (soils seasonally or
permanently wet) are excluded
Tenosols Weakly developed soils apart Many classes Lithosols, silaceous and
from the A horizon earthy sands, alpine humus
soils and some alluvial soils
Hydrosols Soils that are seasonally or Wide range of classes, | Humic Gleys, gleyed
permanently wet due to site and soils podzolic soils, solonchaks
topography or tidal influence and some alluvial soils

The soil characteristics from samples collected in the Abbot Port area are described in Table 6-3.

Table 6-3: Soil Descriptions - Abbot Point

Sample Soil

SS01 Pale Yellow/White, very loose fine sand/granitic gravel.
SS02 Clay, Dark Brown/Grey, hard friable, poorly drained.
SS03 Clay, Dark Brown, hard to friable, cracking.

SS04 Clay, Dark Brown, hard to Friable.

SS05 Clay, Dark Brown, Hard.

A review of the Geology and Soils section within the Abbott Point Multi Cargo Facility (MCF) EIS (GHD,
2010) was carried out to support the project specific investigations. MCF Investigations included 25 test pits

along the length of the proposed transport corridor (refer to Figure 6-3). Results from the MCF

investigations indicate that the soils can be categorised as sodosols, tenosols and hydrosols. Of the 25 test

pits, the soils at 13 locations were categorised as hydrosols. As described earlier, these are seasonally or

permanently wet soils in the wetland mudflats that are regionally mapped as Sodosols. The results of the

MCF investigations support the findings our investigations.

Soil pH

Soil pH has a strong influence on the solubility and form of chemical compounds, the availability of ions in

the soil solution as well as microbial activity. Soil pH laboratory results were observed as follows:

=  Soil pH ranged from 5.9 to 7.8;

=  Two samples had a soil pH greater than 7.0. These were SS02 and SS05;

= No samples had a pH less than 4.5 or greater than 8.8; and

= Soil pH for the remaining samples was within the range that is optimal for plant growth (pH 5.5 —

7).

E3 Consulting Australia Pty Limited ABN 44 242 443 207
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Cation Exchange Capacity (CEC)

Soil exchangeable cation laboratory results indicated that:

=  Exchangeable Mg ranged from 0.5mEq/100g to 18mEq/100g, indicating low to very high
exchangeable Mg;

= Exchangeable Ca ranged from 0.9mEq/100g to 37mEq/100g indicating very low to very high
exchangeable Ca;

= Exchangeable K ranged from 0.2mEq/100g to 0.5mEq/100g indicating very low to moderate
exchangeable K; and

= CECranged from 1.9mEq/100g to 36.6mEq/100g indicating very low to very high CEC.

These results reflect the difference between Tenosols comprising weathered granite outwash with little
structure and low CEC and low fertility to the deeper clay soils with higher CEC. However, sodic clays will

have lower fertility.

Soil Salinity

EC ranged from 30uS/cm (SS01) to 166 uS/cm (SS02 and SS06) in the soils sampled at Abbot Point. This
indicates very low to low salinity in the samples analysed and suggests that clay soils have the potential for

low grade agricultural use when not affected by salt or tidal inundation.

Soil Sodicity

Soil is prone to dispersion, and therefore the risk of erosion, where the sodicity or proportion of sodium is

high or the Ca:Mg ratio is low. The laboratory results observed:

= Exchangeable sodium concentrations ranged from 0.3meq/100g to 1.9meq/100g in soil samples
collected indicate that exchangeable sodium ranges from medium to high in the samples analysed
from Abbot Point; and

®=  The Ca:Mg ratio ranged from 0.9 (SS02 and SS06) to 2.5 (SS05), indicating very low to medium
Ca:Mg ratio in the soils sampled from Abbot Point.

This indicates a potential for soil dispersion and erosion.
Exchangeable Sodium Percentage (ESP)
ESP ranged from 5.1% (SS02) to 18.3% (SS06) in the samples collected from the rail alignment indicating low

to high ESP in the samples collected from the Abbot Point project area. The higher ESP coincided with clay

soils and also indicates these maybe dispersive.

E3 Consulting Australia Pty Limited ABN 44 242 443 207
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Sodium Adsorption Ratio (SAR)

SAR results for the Abbot Point project area are summarised below:

= S§S01:6.8;

= S5S05:1.88;

= §S02:3.75; and
= S§S06: 20.5.

The results of the soil sodicity analysis indicate that sample SS02 has high exchangeable sodium, high ESP,
high SAR and low Ca:Mg ratio indicating that these soils at this location are likely to be sodic and prone to

dispersion and erosion.

Emerson Crumb tests

Three samples from the coal terminal area were analysed for Emerson Crumb dispersivity. Sample results
for all three samples indicate that the soils are highly likely to be sodic, dispersive and likely to be difficult

to manage. The results of the Emerson Crumb analysis were:

®=  One sample returned an Emerson Crumb Class of 1 (almost certainly sodic) (SS02) at the sample
depth of 0.3 to 0.6mbgl; and

= Two samples returned an Emerson Crumb Class of 2 (highly likely to be sodic) (S502 and SS06) at
the sample depth of 0.0 to 0.3mbgl.

These results suggest that Tenosols with weak soil structure are susceptible to erosion and that sodic clay
soils in the area are also likely to disperse and erode. Both the clays and Tenosols are very dispersible to
moderately dispersible at surface and at depth. In the low lying marine and coastal areas, Sodosols with
less surface cover and those with higher silt contents would be expected to have moderate erosion
potential. Areas of alluvial valley floors around creek lines would have moderate to high erosion potential
due to higher silt contents, the sodicity and dispersivity of the subsoils and the periodic high flood flows

and scours in these areas.

The Tenosols comprising gravelly granitic outwash would be unsuitable for stripping or use as a growth

medium due to excessive stoniness, poor structure and shallow depth to bedrock.

Soil Observations

Two sites (SO1 and SO4) exist within the boundaries of Coal terminal Study Area. A visual assessment was
undertaken to determine the potential for erosion; both sites were deemed to have a low potential. This is
largely associated with the high proportions of vegetation and inundated states characteristic of estuarine
and wetland mud flats.

E3 Consulting Australia Pty Limited ABN 44 242 443 207
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Topsoil Resources

Galilee Coal Project - Environmental Impact Statement - August 2011

The suitability of top soil resources for rehabilitation of lands disturbed by the coal terminal requires an

assessment of suitable topsoil and proposed stripping depths. The useable topsoil resources are generally

limited to the surficial “A” horizon and can also occur in the upper “B” horizon which containing seed

stocks, organic matter, nutrients and biota necessary for plant growth. Based on observations made on

site, useable topsoil resources are likely to be restricted to the top 0.1m to 0.3m of the soil horizon. Areas

of Tenosols will be too granular and will be unsuitable as topsoil.

6.4 Landforms

The landscape units at Abbot Point reflect the coastal location and topography. The Abbot Point area has

relatively prominent fore-dunes up to 9m AHD adjacent to the coast with gently undulating sand plains

with minor crest/swale formation and an elevation variation of generally less than 0.5m. This transitions to

colluvial material (loose, heterogeneous and incoherent mass of soil material and/or rock fragments

deposited by rain wash, sheet wash or slow continuous creep) occurs at approximately 5m AHD.

The

landscape units for the Abbot Point are shown on Figure 6-4 with the descriptions outlined in Table 6-4.

Table 6-4: Landscape Units - Abbot Point

Landscape Landform Soils Remarks
Unit
AA6 Hilly or high lands Sandy duplex soils on lower Numerous large granite
slopes outcrops
Jbl Salt pans and tidal flats or Dominant soils on the salt subject to frequent
salt-water couch meadows pans are highly saline clays. inundation by tidal
merging into mangrove The small grassed areas in the | waters
swamps unit have loamy duplex soils
JK2 Low fixed sand dunes Dominant soils are those of The unit may include
paralleling the coastline the older (more inland) small areas of
dunes, which have deep sands | mangroves and salt pans
Kf13 Level Plains, gilgai microrelief | Deep dark cracking clays and Loamy grey duplex soils
often present grey clays can be present in low areas
Mj9 hilly or mountainous lands, Dominant soils are fairly A wide variety of other
mostly with steep slopes; shallow and nearly always shallow stony soils occur
rock outcrop is often stony friable earths with a however data is fairly
prominent dark loamy surface fading to limited
red clay subsoils
Qa21l Undulating or gently Includes loamy mottled On higher crests soils
undulating lands. Loamy red duplex soils are stony
duplex soils

E3 Consulting Australia Pty Limited ABN 44 242 443 207
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Landscape Landform Soils Remarks

Unit

Sle Gently undulating plains, Can include deep dark Data is limited
dominated by deep loamy cracking clays
soils

vd4 Level or gently undulating Gilgai microrelief can be Can include loamy
alluvial plains present. duplex soils

Va50 Undulating or gently dominant are sandy or loamy | The unit have shallow
undulating lands/small areas often gritty duplex soils coarse sands
of granite outcrop

6.5 Good Quality Agricultural Land

The APSDA region is not mapped in the WRC as GQAL. This corresponds with the soils mapping that
indicate the land is likely to be dominated by Tenosols, Sodosols and saline mudflats. Portions of the area
are Class C GQAL; however, this is of limited extent as tidal and saline land toward the oceans and Tenosols

in the inland portions limit the extent of these soils (Figure 6-5).
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7 Potential Impacts

The following section provides information on the likely impacts to topography, geology, soils, landform
and GQAL as a result of the China First Project.

7.1 Mine
7.1.1 Topography/Landscape

The mine site comprises level to gently undulating topography falling from low hills to small creeks. The
mining activities will result in topographical changes to the mine area during mine operation and post-
mining through the removal of existing topography during stripping of overburden and mining and the
creation of new topographic highs through the placement of spoil and construction of dams. Changes to
the location of Tallarenha Creek and the width of its floodplain will occur as a result of mining and creek

diversions.
7.1.2  Subsidence

The area where subsidence will likely occur has little topographical relief, is generally cleared (chain pulled

and blade ploughed) and is currently used for cattle grazing.

Potential impacts resulting from subsidence in a rural location would usually result in a change of drainage
patterns due to a depression in the ground which may have an effect on the existing hydraulics of surface
waters near the mine. Surface waters located above the underground mine include unnamed tributaries of
Tallarenha Creek that currently drain eastwards. Subsidence can also cause increased cracking in clays.
The generally sandy soils identified over the underground mining are unlikely to be significantly impacted
by any minor subsidence however the maximum predicted level of 3.27m has the potential to result in

some cracking.
7.1.3  Geology/Soils

The heavy metal concentrations of samples of overburden and interburden tested were below
environmental investigation levels (ElLs) for all metals with the exception of total chromium which
exceeded the EIL for trivalent chromium in two samples. These results were within 10% of the background
range for total chromium. The excavation and stockpiling of overburden is expected to have a low risk of
producing heavy metal contamination by leachate or surface runoff based upon these results. Acid
production potential of overburden, interburden and coal reject are discussed in the Waste Technical

Report.
7.1.4 Fossils

The significance of a fossil is indicated by rarity and can be due to fossil size. Investigations suggest there is
a low risk for fossilised material being discovered by works as there is no record of fossils being identified in

the China First Project area. There are records of Permian plant fragments being located in the geology
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underlying the project’s coal measures however these areas will not be impacted by the excavations. While
no record of fossils have been reported in the geology affected by the mine, excavation and mining

activities do have the potential to uncover fossils.
7.1.5 Topsoil

Topsoil will be removed in the creation of the open cut mining areas as well as for some of the supporting
infrastructure such as the CHPPs. Topsoils at the mine were found to have low salinity, optimal pH
conditions for cultivation, low CEC, and generally low ESP. The fertility of the soils is indicated to be low
and the low ESP suggest that hard setting crusts could occur which would inhibit seedling growth in the
area. With amendment by nutrients and use of appropriate seed stock, the soils could be made suitable as

a growth medium.
7.1.6  Soil Erosion

Some soils identified in the areas of the open cut mine area, including clays subsoils, have a high erosion
potential with Emerson Crumb ratings of 1 or 2; are sodic soils and exhibit a moderate to high potential for
erosion due to dispersion. Where the topsoil of these areas is disturbed by the China First Project’s
activities and where the subsoils are exposed, there is a greater potential for increased erosion. Where
such disturbance occurs, at creek crossings and where sediment runoff is allowed to enter these

waterways, the impact of increased sediment load could impact the health of the waterways.
7.1.7  Agricultural Land Use / GQAL

During the operation of the mine, existing land uses, such as grazing may be able to continue within the
MLB in areas not directly impacted by the open cut mines and supporting infrastructure. Areas required for
the operation of the mine will be disturbed and no longer available for the existing land use. The land is not
considered to have high value for agriculture and as such, the mine would not be expected to have a

significant impact on agriculture in the region.

Impact to land suitability, final landforms and the appropriate mitigation measures typically include an
evaluation of the future potential cropping and grazing classes of the land and limitations due to
compaction of land used for roads, or use of the rehabilitated final void, stockpiles and tailings dams. Often
stockpiles and tailings dam are unsuitable land for cropping or grazing until management measures have
been undertaken, whereby they may become suitable for higher classes of cropping and grazing. Final

voids may be suitable for wetlands or recreational land use following rehabilitation.

7.2 Rail Alignment
7.2.1  Topography

Through the Clarke and Leichhardt Ranges, the topographical features such as rocky outcrops and steeply
sloping ground can present an increased potential for landslip. Further, major rivers and tributaries may
affect the extent of clearing required during construction, the type of equipment required to undertake

construction and the amount of time that disturbed construction areas are in use. In these areas, there is
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greater potential for landslips to occur in the areas of steeper topography between KP25-85 and KP125-190

if construction works are not managed properly.

7.2.2  Geology/Soils

Fault and slips can result in greater landslip potential or require more shallow batter angles in cuttings. The
rail alignment carries the greatest potential for impacts from geological structures where it intersects the
Glenore Shear Zone around KP20, extensions of the Collinsville Fault system and associated dykes between
KP25-KP85, and north-west trending fault systems between KP85-KP125. These can be avoided if detailed
geological/geotechnical studies are undertaken and issues are highlighted for final design. Where
encountered, lower slope angles or greater setbacks for construction may be required leading to potential

for erosional impacts over larger areas.

Where the alignment crosses exposed bedrock, dykes (KP25-KP85) and acidic intrusive rocks, there is
potential for drilling and blasting works to be required, leading to greater potential for erosion and

generation of silicic dusts from acidic intrusive rock types.

Where the alighnment crosses gilgai relief, cracking clays and soils with erosive or dispersive properties,
there will be potential for impacts relating to erosion to occur. Cracking clays occur in discrete areas
around creeks and low lying portions of the rail alignment mainly between KPO-KP25and KP85-KP125. In
addition, cracking clays with shrink/swell properties can result in damage to structures, foundations and
buried services from differential ground movement. The degree of impact is dependent upon the soil
profile thickness and the type of clay.

7.2.3 Soil Erosion

Thin Tenosol soils with little structure are susceptible to erosion when disturbed and occur in portions of
the alignment between KP0O-KP25 and KP125-KP190.

Visual observations of waterways along the alignment identified that a number of them likely have
moderate to high erosion potential. Potential impacts resulting from erosion include increased sediment

loads in the waterways as well as impacts to infrastructure such us undercutting of bridge buttresses.

Erosion potential at waterway crossings needs to be further assessed during detailed geotechnical
investigations. The placement of infrastructure will need to be carefully considered at sites identified as

having high potential with structures designed and constructed to avoid creek banks.

7.2.4 Fossils

There is limited potential for fossilised material to be discovered during the rail alighnment construction as
the geology with potential for fossils is limited to the Back Creek and Blenheim group of the Collinsville coal

measures and the Blackwater group. Further, rail construction is anticipated to include generally shallow
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earthworks with lower potential to intersect less weathered rocks with intact fossils. If fossils are

encountered, all works should cease immediate and appropriate experts contacted.

7.2.5 Topsoil

Soil depth varies within dissected areas of the alignment from thin soils on slopes with Tenosols to deep
soils in valleys below these areas. Areas of the rail alignment with thin topsoils include Tenosol areas with
portions of the alignment around KPO-KP25, and KP125-KP190. Deeper clay soils are present in areas
between KP25-KP85 and KP85-KP125. A balance of topsoil volumes can be undertaken as the final

alignment of rail construction is achieved.

7.2.6  Soil Salinity

The most sodic soils were encountered around KP185, although inundated saline soils may also be
encountered around creek crossings and low lying land between near KP0OO-KP10. Areas of saline soils in
the alignment have the potential to result in increased erosion risk during construction and increased
potential for corrosion of buried steel and/or concrete materials. These are generally in creek and river
valleys and carry the greatest potential impact to disturbance by project construction from mobilisation of
saline sediments and corrosion of infrastructure at creek crossings or where below grade cuttings are

required.

7.2.7  Agricultural Land

The rail alignment will sterilise GQAL within the footprint of the alignment and fragment land parcels
potentially leading to loss of access to agricultural land. The most significant agricultural land is potential
Class A land between KP25-85 and KP322-355.

7.3 Coal Terminal
7.3.1 Topography/Landscape

Given the relatively flat topography of the project area near the coast, elevated topography is expected to
have minor impacts to local topographical features in these areas with conveyor alignment proposed in

area of flat to gently sloping land.

7.3.2  Geology/Soils

The soils in the APSDA area comprise Tenosols, Hydrosols and Sodosol clays. Where the coal terminal
infrastructure crosses black cracking clays with dispersive the shrink/swell properties, the movement of
these soils may result in damage to structures, foundations and buried services from differential ground

movement. The degree of impact is dependent upon the soil profile thickness and the type of clays.
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733 Fossils

There is limited potential for fossilised material to be discovered during construction of the coal terminal
due to the absence of sedimentary rocks from prolific fossiliferous periods and the generally shallow

earthworks.

7.3.4 Topsoil

The soils in the coal stockyards area comprises Tenosols derived from granitic outwash and balc cracking
clays and Sodosols merging into the inundated mudflats. The Tenosols are susceptible to erosion, while the

clays will crust and set hard when dry. Both have low potential for reuse as topsoils.

During construction, soils suitable for topsoil will have to be imported to create topsoils around the

infrastructure suitable for long term erosion control.

7.3.5 Soil Erosion

The reactive clays, dispersive soils and soils with high ESP in the area of the coal terminal have greater
potential for erosion, while the Tenosols have thin soil profiles and little binding organic matter leading to
increased potential for erosion. Construction of the coal terminal infrastructure could lead to loss of soil
through increased erosion from exposed soils where the construction alignment intersects erosive or

dispersive soils.

7.3.6  Soil Salinity

Some soils at the coal terminal have high salinity, due to the periodic inundation and saturated soils. This
results in poor plant growth and greater potential for erosion. Potential impacts to construction include

increased potential for corrosion of metal and concrete structures.

7.3.7  Agricultural Land/GQAL

The land at the APSDA is generally unsuitable for agricultural uses with most of the area either not rated as
GQAL or rated as Class D, which is considered unsuitable for agricultural purposes. The APSDAs main
function is to provide port services for coal and other mining industries which are incompatible with

agricultural uses. The China First Project is consistent with the intent of the area.
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9 Conclusion

The China First Project will occur over a large area of Central and Northern Queensland. As part of the EIS,
an assessment of the terrain and a soil survey was undertaken for the mine, rail alignment and coal

terminal to identify existing environmental values and potential engineering and/or environmental impacts.

Topography falls from a height of about 400m AHD at the mine to the coast through a number of ranges
including the Leichhardt and Clarke Ranges before joining the coastal plain at about KP25. The topography
rises sharply over the Clarke Range to height in excess of 1,000m although the highest the rail gets at this
point is about 200m AHD.

A complex of soil units were identified across the project area, including areas of Tenosols, Chromosols,
Kandosols, Vertosols and Sodosols and cracking clays. The soils present within the China First Project area
are generally suitable for grazing. Some are prone to erosion and dispersion. The majority of the soils are

also unsuitable as topsoils.

The mine is currently used for low (Class C/D) intensity cattle grazing. As a result of this historical and
current land use of low intensity cattle grazing, there has been extensive tree clearing throughout the area,
which is consistent with that of the adjoining land. Similarly, the rail alignment and coal terminal are also
located on lands that have been used consistent to that of the mine (low intensity cattle grazing), while

some areas have been converted to other activities.

The main potential impacts of the China First Project included changes to agricultural land capability and
increased risk of erosion in areas of construction and/or operation. In addition, some soils encountered will
be sodic and/or dispersive and this may affect excavation conditions for portions of the rail alignment.
Further, areas of geological shear zones, faulting and/or with dykes were identified that may impact upon
rail construction. Potential impacts to the topography, geology, soils and landform of the project and
management strategies and commitments to mitigate these impacts have been identified. Further detailed
investigations are required to fully manage some potential impacts. This will delineate areas of potential

impacts and assess the appropriate scale of mitigation or management.
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10 Recommendations

Based on our investigations we recommend the following be carried out:

= |dentify specific access areas and determine goals for rehabilitation of disturbed land to minimise
areas that will have lower land use quality post-mining;

®=  Manage lay down areas in a manner that will not result in a reduction in land quality;

=  Prepare and implement erosion control measures and continue to monitor and maintain the
measures implemented;

=  Erosion and Sediment Control Plans will be developed and put in place prior to the
commencement of construction works for all areas of the China First Project that may cause
erosion;

=  Topsoil management measures will be documented, monitored and maintained with a
reconciliation of top soil excavation and rehabilitation maintained. Excess topsoil will be used in
project areas with topsoil deficits. Waratah coal will source further top soil (if required) from local
suppliers in the project area;

®  Prior to construction carry out soil sampling at waterways where bridge or culvert crossing are
required to better identify erosion risk and put in place appropriate management measures; and

®  Prior to construction undertake soil resistivity surveys of high risk areas, record the current salinity
status of these areas and implement measures to ensure no further significant salinisation occurs
due to the project activities. Particular attention should be made to areas near sites $520 and SS30

as sampling at both of these sites displayed indications of containing salinity.
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Glossary

1.1 Abbreviations

ug microgram

pg/m’ micrograms per cubic metre

um micrometre

uS/cm microsiemens per centimetre

AASS actual acid sulfate soil

AHD Australian Height Datum

ANC Acid Neutralising Capacity

APSDA Abbot Point State Development Area

AS Australian Standard

ASC Australian Soil Classification

ASRIS Australian Soil Resource Information System

ASS acid sulfate soil

BGL below ground level

Ca Calcium

CEC Cation Exchange Capacity

CSIRO Commonwealth Scientific and Industrial Research Organisation
DERM Department of Environment and Resource Management (Qld)
EC Electrical Conductivity

EIS environmental impact statement

EPA former Environmental Protection Agency (Qld)

EPC Exploration permit coal (as defined in the Land use and planning chapters)
ESP Exchangeable Sodium Percentage

g grams

GA Geosciences Australia

GQAL good quality agricultural land

GSG great soil group

K Potassium

kg kilograms

m metre

Mg Magnesium
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m/day metres per day

m’/s cubic metres per second
mbgl metres below ground level
MDL mineral development licence
mEq Milli equivalence

mg milligram

MGA Map Grid Australia

MGA94 Map Grid of Australia 1994
ML mining lease

mm millimetre

NAF Non-acid forming

NAG Net Acid Generation

NAPP Nett Acid Production Potential
SAR sodium adsorption ratio

SPP State planning policy

t tonnes

ToR terms of reference

1.1.1 Glossary of Terms

Abbreviation

Meaning

A horizon

The original top layer of mineral soil divided into Al (typically from 5 to 30cm thick; generally

referred to as topsoil with a high content of organic matter, dark colour and maximum biological
activity) and A2 horizons (usually 5 — 70 cm thick; similar texture to Al but paler in colour, poorer
in structure and less fertile).

Acid sulfate soils

Naturally occurring soils, sediments or organic substrates (e.g. peat) that are formed under
waterlogged conditions. These soils contain iron sulfide minerals (predominantly as the mineral
pyrite) or their oxidation products. In an undisturbed state below the water table, acid sulphate
soils are benign. However if the soils are drained, excavated or exposed to air by a lowering of the
water table, the sulfides will react with oxygen to form sulfuric acid.

Aggregate (soil)

A unit of soil structure consisting of primary soil particles held together by cohesive forces or by
secondary soil materials such as iron oxides, silica or organic matter.

Alkaline soil, alkalinity

Alkaline soils have laboratory measured pH values >8.5. Alkalinity may inhibit the growth of plants.

Alluvial

Pertaining to, contained in, or composed of, alluvium; relating to the deposits made by flowing
water; washed away from one place and deposited in another; as alluvial soil, mud, accumulations,
or deposits.

Alluvial terrace

Former floodplain which either no longer floods or rarely floods due to deepening or enlargement
of the stream channel.
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Abbreviation

Meaning

Alluvium Sediment deposited from the transport by channelled stream flow or over-bank stream flow.

Analyte Substance or chemical constituent that is determined in an analytical procedure.

Anticline A fold in which the older rocks occupy the core.

Apedal In the moderately moist to moist state, none of the soil material occurs in the form of peds; it is
massive or single-grained and when disturbed, separates into fragments or primary particles.

Artesian A condition which applies to aquifers which are confined by layers of low permeability, and where

the hydraulic head in the aquifer is higher than the overlying ground surface. Wells penetrating
such aquifers may result in groundwater flowing at the surface without pumping.

Australian Soil
Classification (ASC)

A multi-category scheme with classes defined on the basis of diagnostic horizons or materials and
their arrangement in vertical sequence as seen in an exposed soil profile.

Available soil water

That part of the water in the soil that can be absorbed by plant roots that can be held between
field capacity and the moisture content at which plant growth ceases.

Available water holding
capacity

The ability to hold that part of the water in the soil that can be absorbed by plant roots. Available
water is the difference between field capacity and permanent wilting point.

B horizon The layer of soil below the A horizon, usually of finer texture (i.e., more clayey), denser and
stronger in colour. Thickness ranges from 10 cm to 2 m thick and is divided into B1 and B2
horizons.

Bedrock The solid rock that underlies unconsolidated surficial sediments.

Boundaries (soil)

The boundary between soil horizons defines the nature of the change from one horizon to that
below. It is specified by two terms—one a measure of the width of the transition zone between
the two horizons, the other a description of its shape.

C horizon Layers below the B horizon which may be weathered, consolidated or unconsolidated parent
material little affected by biological soil-forming processes.

Cainozoic The period in geologic time between 65 million years ago and the present.

Catchment The term used to describe the area which is drained by a river. It is sometimes called the river
basin or watershed. The catchment is the most significant factor determining the amount or
likelihood of flooding.

Channel An eroded depression in the soil or bedrock surface within which alluvial deposits accumulate (i.e.
gravel, sands, silt, clay).

Chromosol ASC soil order classification—soils with a clear or abrupt textural B horizon where the major half of
the B2 horizon is not strongly acid (i.e. >pH5.5) and non-sodic (can be sodic at depth).

Clastic Rocks built up from fragments of pre-existing rocks generated by weathering and erosion and
transported to a point of deposition.

Coal seam A layer, vein, or deposit of coal.

Colluvium Unconsolidated soil and rock material transported largely by gravity (i.e., mass movement:
landslide, mudflow, creep or sheetflow), deposited on a lower slope and/or at the base of a slope.
Does not have bedding structure such as alluvium and is has more variable grain size.

Conductivity A measure of waters' ability to conduct electricity.

Consolidated rock

Tightly bound geologic formation composed of sandstone, limestone, granite, or other rock.

Contaminant

A substance that is present in an environmental medium in excess of natural baseline
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Abbreviation

Meaning

concentration.

Cuesta A ridge with a steep face on one side and a gentle slope on the other.

Dermosol Other soils with B2 horizons that have structure more developed than weak throughout the major
part of the horizon, generally non-sodic subsoil, generally gradational textured soils (gradual
boundaries).

Devonian Geological period 395 — 345 million years ago.

Duricrust Hardened soil crust.

Effective porosity

The percentage of the total volume of a given mass of soil or rock that consists of interconnected
void spaces.

Electrical conductivity

Measure of a material to conduct electricity. Electrical conductivity of water is a measure of the
impurity (dissolved ions) in water - usually measured in siemens per unit length (e.g. millisiemens
per centimetre).

Environmental impact
statement (EIS)

The information document prepared by the proponent when undertaking an environmental
impact assessment. It is prepared in accordance with terms of reference prepared or approved by
government. EIS is the term used by the Environment Protection and Biodiversity Conservation Act
1999 and the Environmental Protection Act 1994, and it is defined in Part 4 of the State
Development and Public Works Organisation Act 1971.

Environmental
Management Plan

A document developed by proponents during a project’s planning and design. An Environmental
management plan (EMP) provides life-of-project control strategies in accordance with agreed
performance criteria for specified acceptable levels of environmental harm. It may continue
through the whole life of a project (e.g. preconstruction, construction, operation and
decommissioning).

Erosion The process by which material, such as rock or soil, is worn away or removed by wind or water.
Fault A crack in the earth's crust resulting from the displacement of one side with respect to the other.
Fault Line Line determined by the intersection of a geological fault and the earth's surface.

Ferrosol Soils with B2 horizons in which the major part has a free iron oxide content greater than 5% Fe in
the fine earth fraction (<2mm). Soils with a B2horizon in which at least 0.3m has vertic properties
are excluded.

Floodplain An area of land periodically inundated by floodwater.

Fluvial Material deposited by moving water (i.e. rivers and streams).

Fluvial deposits

Particles of minerals or rocks which are transported and deposited by moving water (i.e. a river).

Fluvial geomorphology

The study of rivers and streams and the processes that shape them, including the transport of
sediment, erosion of or deposition on the river bed.

Formation

A geologic unit of distinct rock types that is large enough in scale to be mappable over a region.

Fossiliferous

Fossil containing rock formations.

Gilgai

A small, ephemeral lake formed from a depression in the soil surface.

Good quality
agricultural land

Land which is capable of sustainable use for agriculture, with a reasonable level of inputs, and
without causing degradation of land or other natural resources. As defined in State Planning Policy
1/92: Development and the Conservation of Agricultural Land.

Grading

The process of levelling off to a smooth horizontal or sloping surface.
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Abbreviation

Meaning

Granite

A granular igneous rock composed chiefly of felspar (orthoclase) and quartz, usually with one or
more other minerals, as mica, hornblende, etc.

Granodiorite

Plutonic rock consisting of potassium felspar, quartz, plagioclase, biotite and hornblende.
Granodiorite is an intermediate between quartz, monzonite and quartz diorite.

Gravel The amount (visual abundance estimate) of gravel-sized (>2mm) materials that occur on the
surface and in the Al horizon and include hard (when moist), coarse fragments and segregations of
pedogenic origin.

Gravely Over 60% of surface cover consists of gravel (2 - 60mm).

Group A grouping of geological or hydrogeological formations.

Holocene Present geological epoch which commenced 10,000 years ago.

Horizon A layer within the soil profile with morphological characteristics and properties different from

layers below and/or above it.

Hydrostratigraphic unit

Geological units that are not solely based on lithologic characteristics but also include
characteristics related to water movement, occurrence and storage.

Impermeable layer

A layer of material (such as clay) in an aquifer through which water does not pass.

Indicators Anything that is used to measure the condition of something of interest. Indicators are often used
as variables in the modelling of changes in complex environmental systems.

Interfluve A ridge or area of land dividing two river valleys.

Jurassic Geological period 295 - 135 million years ago.

Kandosol Other soils that are lacking a strong texture contrast and (i) have well-developed B2 horizons in
which the major part is massive or has only a weak grade of structure, and (ii) have a maximum
clay content in some part of the B2 horizon which exceeds 15%.

Kurosol Soils with a clear or abrupt textural B horizon and in which the major part of the upper 0.2m of the

B2 horizon (or the major part of the entire B2 horizon if less than 0.2m thick) is strongly acid (i.e.
pH<5.5).

Lacustrine deposits

Sedimentary material laid down in a lake environment.

Lacustrine sediment

Sediment mass deposited from transport by waves and from sediment solution and suspension in
still water in a closed depression on land.

Limestone A sedimentary rock rich in calcium carbonate.

Landform A natural feature of a land surface such as a mountain, plain or valley.

Landscape Natural and manmade features of the urban, rural or natural environment, such as vegetation,
topography and land use elements.

Lateritic Red, residual soil containing large amounts of aluminium and ferric hydroxides, formed by the
decomposition of many kinds of rocks.

Lateritised The process of formation of a soil by leaching of silica and residual enrichment of aluminium and
iron oxides.

Lithic Formed of rock.

Lithology The systematic description of sediment and rocks, in terms of composition, texture and internal

structure.

E3 Consulting Australia Pty Limited ABN 44 242 443 207

Waratah Coal - Soils and Geology - Final 5 Oct 2010.docx




WARATAH COAL

Waratah Coal

Galilee Coal Project - Environmental Impact Statement - August 2011

Abbreviation

Meaning

Lithosol A shallow soil showing minimal profile development and dominated by the presence of weathering
rock and rock fragments. Lacking horizons other than an Al (one layer only).

Loam A medium, textured soil of approximate composition 10 — 25 per cent clay, 25 - 50 per cent silt and
<50 per cent sand.

Melonhole Irregularly distributed large depressions within soil surface, usually greater than 3m in diameter.

Mesa An elevated area of land with a flat top and sides that are usually steep cliffs.

Mesozoic The middle of the three Phanerozoic eras; it lasted from 245 to 65 million years before present.

Metamorphic rock

A rock derived from pre-existing rocks by way of mineralogical, chemical, or structural changes.
These changes come in response to marked changes in temperature, pressure, shearing stress, or
the chemical environment.

Mottled horizon

A horizon in which mottle abundance is greater than 10 per cent (visual abundance estimate) and
contrast between colours is distinct and prominent.

Mottling The presence of more than one soil colour in the same soil horizon, not including different nodule
or cutan colours.

Mound spring Mound springs are geomorphic formations raised above the surrounding land surface formed by a
deposit of minerals and sediment brought up from artesian aquifers or confining beds by water at
certain natural discharge points in the Great Artesian Basin. Other spring systems not raised above
the surrounding land surface also occur throughout the Basin.

Nutrients Any substance that promotes growth with living organisms. The term is generally applied to
nitrogen and phosphorus in wastewater, but is also applied to other essential and trace elements.

Overburden Any loose material which overlies bedrock (often used as a synonym for Quaternary sediments
and/or surficial deposits) or any barren material, consolidated or loose, that overlies an ore body.

Palaeocene Period of geological time, 65 — 54.8 million years before present.

Palaeochannel

A buried stream channel.

Peat Unconsolidated soil material consisting largely of undecomposed, or only slightly decomposed,
organic matter.

Ped An individual, natural soil aggregate.

Pedologically Relating to the study of soils

Permeability A measure of the ability of a medium to transmit a fluid (any fluid). Similar to hydraulic
conductivity that describes the ability of a porous medium to transmit water specifically.

Permian Period of geological time, 290 — 248 million years before present.

pH The logarithm of the reciprocal of hydrogen-ion concentration in gram atoms per litre; provides a
measure on a scale from 0 to 14 of the acidity or alkalinity of a solution (where 7 is neutral and
greater than 7 is more basic and less than 7 is more acidic).

Pleistocene First epoch of the Quaternary period, from two million years ago to 10,000 years ago.

Porosity The ratio of the volume of void or air spaces in a rock or sediment to the total volume of the rock
or sediment. The capacity of rock or soil to hold water varies with the material. For example,
saturated small grain sand contains less water than coarse gravel.

Red earths Massive, reddish sandy profiles with a gradual increase in clay content with depth over a diffuse to

gradual boundary.
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Abbreviation

Meaning

Rock pavement

Areas of shallow skeletal soils formed on Cainozoic lateritic duricrusts and sometimes lithosols
derived from quartzose sandstone, forming a mosaic of exposed gravelly soils and sclerophyllous
shrubs.

Rudosol

Soils with negligible pedologic organisation. They are usually young soils in the sense that the soil
forming factors have had little time to pedologically modify parent rocks or sediments. The
component soils can vary widely in terms of texture and depth.

Sampling sites

Specific locations within the study area where data is collected.

Sandstone A sedimentary rock composed of individual grains of sand cemented together.
Scarp A line of cliffs produced by faulting or erosion.

Seismic Pertaining to shock waves, natural or artificial, within the Earth.

Shale A sedimentary rock formed by the deposition of successive layers of clay.

Shear stress

A condition in which the material on one side of a surface pushes another material on the other
side of the surface with a force that is parallel to the surface.

Sheet erosion

The removal of the upper layers of soil by raindrop splash and/or runoff.

Silt Mud or clay or small rocks deposited by a river or lake. Fine particles in the size range 0.02 - 0.002
mm.

Siltstone Fine-grained sandstone of consolidated silt.

Sodic Soil containing sodium

Sodosol Soils with strong texture contrast between A horizons and sodic B horizons which are not strongly
acid.

Soil profile A vertical section of the soil through all its horizons and extending into the parent material.

Solum The upper part of a soil profile above the parent material in which current processes of soil
formation are active. This is where the living roots and other plant and animal life characteristics
are exhibited.

Stratigraphy The study of the sequence of layered geologic deposits based on their spatial positions,
depositional sequence in time, and correlations across different localities.

Subcrop Bedrock unit occurring at the bedrock surface but covered by surficial deposits.

Subsidence The gradual settling or sudden sinking of the land surface owing to natural or anthropogenic
influences of materials in the subsurface.

Subsoil The layer of weathered material that underlies the surface soil.

Surficial deposits

Uncompacted sediments and soil lying on bedrock or occurring on or near the earth's surface.

Surficial sediments

Gravel, sand, silt, and clay particles that form the seabed.

Terms of Reference

As defined by Part 4 of the State Development and Public Works Organisation Act 1971.

Tertiary

A geological time unit from about 65 to 2 million years ago.

Texture

A measure of the behaviour of a small handful of soil when moistened and kneaded into a ball
(bolus) and then pressed out between the thumb and forefinger.

Texture contrast soils

Soils with a very strong contrast between layers of different soil types.

Topography

A description of the surface features of a place or region.
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Topsoil A part of the soil profile, typically the Al horizon, containing material which is usually darker, more
fertile and better structured than the underlying layers.

Triassic Period of geological time, approximately 180 — 250 million years before present.

Vertosol Clay soils with shrink-swell properties that exhibit strong cracking when dry and at depth have
slickensides and/or lenticular structural aggregates. Although many soils exhibit gilgai microrelief,
this feature is not used in their definition.

Well An excavation or structure created in the ground by digging, driving, boring or drilling to access
water in the subsurface.

Wetland The land area alongside fresh and salt waters, that is flooded all or part of the time.

E3 Consulting Australia Pty Limited ABN 44 242 443 207

Waratah Coal - Soils and Geology - Final 5 Oct 2010.docx



Volume 5 - Appendices | Appendix 6 - Soils and Geology

Waratah Coal

Appendix A — Soil Observations

E3 Consulting Australia Pty Limited ABN 44 242 443 207

Waratah Coal - Soils and Geology - Final 5 Oct 2010.docx



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

MOlJ 3 (1050UB) Y3 IBSISUOD

puejpoom

o8
Jopun Apues

81y/21e19pOWw sses8 8noayy uaas $y201) J10s Ayo. Mmojjeys mojeys Suidojs moj Ay201 pue Apues |0S0Ua] uonisodap ajesapol Mo’ BABIUO; k] aywi| AJap - of
B/ 28 8o Uaas $1901) 1105 AY201 uatdo pue sses8 y lleys Budops ol | Ayaos pue Apues | (TR L osousy nisodap 1e1poy n ) B paywi AlPA-ON | OLTdX vy 143
sse.8 1apun udols syueq mofleys
pauyap Ajiood
] p/Eweass Riqaed Sseid Japun
181 Moy 31e19pOW SHueq Apues $9. ue ssels ado|s pue moj 050U uonisodap a1e13po 2| BABIUO 81y A13, 3wl AJap - of
ysy 1) a1esopow syueq Ap 1 p pouep Is pue moj puepues s | syueq Apues Josous) nisodep a1e13pony el o] UByABA | pauuwAA-ON | S9TAX vy 4
$iUeq UO UOISOID JO 2IUBPIA pesa weans
Ell Ares: w doys aje. w Appni syueq Aake)d josopue: 3|qeis EXCIET dday 2J3pO| us: -0
usy Mol s1e33p0 936 pIGIN EIRIPOU | o | 201 PIp ppRw/kils | Siueq Aoker szss | losopue 19e1s pag resapony paddais resapoi wasasd - oN SvTdy vy o
pue ssei3
soo pue sseid
o 1015013 0U 3G DAeq 1310 MOty umpajesadon | U4 adojs axesapow siueqhohep | pss josouss doas 2ddais moy Juepunay - on ot vy 61
! U3 4By 4o 32UPIAG 1o3eM I o | mspouyap Is ie12p ueq Aot P pund
passed
moyy panssqo weans adojs o sj10s Auis syueq uo
ydiy . Adjsseds - |osopos SOTdX vy 8T
1e19pow * syueq uo [10s Ayis/Aues| uoneso) e auou ny pauyep jam |Apues ados 2 1esapow 0s Apues s
50013 awos
Ausuap 481 syue
8 3uBLIps Apues panesqo cromesapous | SUIMolAwol Apues Aucas e 5500 (ot osopos aes2po 2dda; mo uepunqy - o
3 Auo3s syueq Apues [sueyd peoiq | uoneso| je auou P puo pauyap P ¥ Pue 5paq fula L 1e12PON poddais 4 WeEpURGY - ON 00T vy o
Sjueq uo 52213 pue Apues
nol ioton ooy moy s | PONIRI0 | stuequo | Bumoly s | o5 ewetons | | ety osopos . sopy wepunay-of
! poseiasan fjieay moly Uoneso) 1e auou | sseiB pue seany | - pauyap am | payo o3 Aatp dasys | 1% PUE AP pue sueq 10s0p b niepun uepunqy - oN 06X e o
aje19pow ‘jauey? azis a1esapow Aakep paddazs
Mol AB13ua mof Apuaieddy
Aakep> pue pauljap [[am
MO ueq Asewiid ‘ syueq Alepuodas PeAiPsqe sseud pue saaJ} eolq Asan umop (Budojs Apues 05 umoaIq S|0SOMD, 2jesapol juasald - of
| ueq iueq Aep uonyes0] 3e auou P peoiq doyje daais - paddais P Syjueq daaig I A poN d-OoN S8 R st
Apues SujuLioy sease pajuawIUIpas
Aineay ‘fauueys mojjeys peoiq
" o511 pue Ssei3 J3pun Spumoins [T e [ sjood Tokep oo
! syueq Aoheyo pue weasss pijos | ut Bupieayp pue; ge | > P jom wieans jiny | %1% Y O EIPOU |5 b w01 pag | - jios umoig 105010 et e v
uorsoss s ysikess
Jueq jewuiw ng suoppuo> 205 Lam
mo AB1aua 481y o1pouiad Bueapul PSSO | coonpuessess | 1PV adojs arespow S OWOS o puesud|  rss osopos oLy vy €1
g AL 2Ipot PU 1 oneso) se auou P pauyap [jews IS S1eap pue Ayoos Apues |159 P 1osop
501995 Ul Uaq Weans AY201Inq syueq pakes
Sujuwes J0 wi ay3 1e Mol mo| Aesgjumoiq
fusuop paq uryoo1 pue
suonpuo> pueipoom uado Apues ‘sjueq
paniasqo Joueys pautjap
moj ol Mo pue s34 pue pasonod | FRESTE M se 5391 o adojs ajespow 01 pue pues | uo 3upjoo] Josowoiy> | uoisoua ajesapoln S1es9poN paddaig mo1 JuepuNqY - ON S9d% vy z
sse8 [10s Aake}d yum syueqguidols | sses Japun
Syueq jo doy
seon
seiqqad
o A pues m pajuswipas Agneay| | POMOSI0 - |PUS SANUYS SeIB jouueus Mojfeys | s3oi pue sseid Apues poq weatis josowoip | uomisodap asana aesapo addoy 21e10p0 wassd -0
g (MM PUES LM P U1 vonesoj e auou | yum paserason |peoig-aresap: 13pun yueq daays P 395 Ajuo ues ! ; P s PoW paddis PO d-ON Shal vy "
jouUey> Weas pauyap [am
Aneay
SWOfS MOy
mo 219U WEBLSS JO UOD3S 40 WEaNs| | Pan3sqo soo ouues 2uyap Aood mol Apues Poq weass osowop | uomisodap a1ana: mo aneauo; mon As3 s
! Molj mo| a1l swaas - yueq pauljap| uoneso| e auou [sapun ase syueq| mojjeys peosq | PoUHP N ! P 235 Ajuo ued ! N P 213135 ! o A A OvdX Y o
Ap10od ‘auueys mojeys peoiq
Sueq
Siueq-ans paq weans
El Apues ‘molj Ad13ua 31 (eans Panasqo 924 Buimol ysay 2adojs mo| Ay201 puehpues Ay201 pue josowoIyd uonisodap aJanas 3e43po| ELU=TC Mo juepunc of
R U1 pag 401 SYueq U0 105 Apeus | uonesoj e auou |sapun ase syueq| uuey> pauyap 15 1ol o1 puelp s ! N P 249038 Pow o n punqy - on e vy 6
‘syueq U $221) ‘[UUEYD PROIq Hueq Ap
181 $33.3 Japun paniasqo Sjueq uo saau: molleys Apues pue mo Apues Siueq Apues 0SOWOoIYd MO B0 Mo’ uepun of
u g -
b Apues aue weass o jo syueq | uopesojesuou | M4 * | lputeyo pauyap|  APUESPUEMO P jouueys peoiq ! . 1 o n iuepunay -oN sedd e 8
Wonoq
sseld pue saau Japun
moy > auou sseid pue saa.3 | uuey> pauysp | dasis o} ajesapous Apues uo Apues josopos | uonisodap asesspoy mo1 paddais e Juaseig - oN 003 Wy L
Sjueq ‘PanIasqo UoIS012 Y|
yueq uo Aakepy
peqalp
Jo2ouspine
9 sqhew ‘28e19n03 55018 | puuey paulya ueq faray/ mol aqhes josoiph josopos | uoisodap aiesapol el aneauo awanx @ AloA - 0
[ aoueieap o0 0 fouuey pougp | queqEARy/ Mol | S ol | osospAy osop P 21019PON el o) v paywl| A2 - ON 00 Wy 9
awos * saan
awos apu) Asan
seate Jay3y Uo 53813 aWos ‘sseid
weass o u seon
Mo pm poreaoBan ANEDL SPUNOLINS | 4o, 514 o oy | auios puessesd |22 PURIM|  yioq anay/ mo nw s.pAy puepam josopos | uonisodap aiesapol el aneauo awanx @ AloA - 0
d pue syueq s weqy ysosy |! A P sunow mop | e 1RSI/ MOl P (0s1pAy puep 1os0p P 21019PON el o) v paww A1op - oN 0¥ vy s
$y00] - Afeaitou dwems
210U WEB.S PUNAM MO} MO|
Siduwes
o J1EM S U UM SSeIB LN | puessess | PUUSH PUERIM g oray mol o13,ue2 losouphy 0sopos seld aneauoy awng payui| AIap - oN N 1804 v
! - Uoseas Jam U puepaM [e1se0s P Supowmos | eI/ M ! puepom ! ! |
duems
Joruos
sean
81 51004 921 PUNOIE UIPAD | LOISOID NSV | (., 1 1 | wieans pauop | 205 am sasserd sse Apues ueq josopos sodap 21e19pON Mo paddars Jusaig - oN 00 vy €
uan UoIS013 Apues aJe SYUEq UO SOS | Yum 38U . uo syi0s Apues
Syueq adols a3espows
Supsixe ue s| a1ay
pagumisip aney
"131BM P3ssadde ey S|ew|ue oled 2i2ym
P s Syueq dn Apues/hus
8uze.8 213m 3500] 105 pue syueq
By 2uopina Buizes8 | sseiB pue se1 | weans pauyep | Payls Alepuodas pue Apues pue 2s007 siosopos | uonisodap aresapopy | avesapoyy paddars uBly Aap san S0 W z
U0 U0IS012 Jo 32UapIAZ “Sueq
syueq days pauyep sueq Askep
Rokelp daais “yueq yoa1 Apues
umosg “yueq
yoa1> Apues
iueq ou oso1ph
Mol pue Mol [ewiuiu ‘SuLianos sseis suou ssei3 dwems | weanseiou jueq ou pnw auenis3 ;_E w:mmuﬁ 5j0s0pos sl aneauod swanxg panwi| AjaA - oN w 140d T
UM pue papooy puepam el 213 P ?
= TOREISEON
suopensasqo . : paniasqo | sdwesjios | padde Angess pag ados yueg adeysjuen Jeiono qunasipun
Jenus10d uojso13 S10ud Sueqmsia | UOREISEaN weans e Juswipss BT




Appendix 6 - Soils and Geology

Volume 5 - Appendices

=0 ueq
o uapina uoisoi ou seou1 pue seid mol ues josopue mo aneauo; 21e19p0
] 2uapy ip ou-dn pous ] 2 40 5105 Apucs osopue 1 o] 2es9poNy N EN s
181 Siieq uo uoisia jo puel [Suueyd paulya3| M| Aepo Apues |0sopue; uonisodap a3e13po| MO’ BABIUO; 3)e43po| juasald - of
. 25u3pIAD Mol Mo| [2ULEY [lewss poomuado |21 PRUSRP ! umoiq 1y8 1osopue P 2ieI2PON 1 > PO d-oN N N e
pagumisip aney puejpoom | dn papues Jjey
kIl ames M| Apues Ashejd umo. josopues uonisodap 31esapo MO BARIUO 3)1e43pO| 3wl AJap - of
A 310 21aym Ayjs/ Apues 212 sjueq e wido-ssan | [auueys peoiq | Pul 1o umoiq 1osopuex § P 2112poN 4 210D 1espoN pauuiyAsep - oN N N .
Ell [SUUBYD UOISOI3 UE S| | ]| SO0 2813 B JO i pue| fauuey uolsio fouuew Aakepp Aejd Apues pas |0SOpuE; UOIS0.3 3)eJ3po| MO’ BARIUO 81y A13, 3ywi| AJap - of
ysy fouuey mstool | penesous | stoor | uorsio ue oy stool I o Apues pi fosopuey pow 1 o] uByAsA | pauw AssA - ON N EI 6v
A uoneq ueq ou ues au josopue uonisodap asanas % 3 S| AIA - of
[ Apiues Yued 1221 0U WeBIS MORHS ueq pues auy osopuey p 2sonas 4 B paywi| AiaA - ON N N sy
moy paseap unosepue)|  saan JIny yueq doap mo Josopuey tely moy powwi Alon-oN | Ovvdy N w
Blu-pows Siueq Fpues josopue ajqess pa mo aneuo; 8
e weasts Jo uois012 J0 32UIPIAD Kaiis umoiq 38y 1osopue 19e1s pog ! ° o ovvdd W v
o go1e eass pawesoian puves Mol ssei3 1apun josopue o uasaiqd -0
d pae1adan yBNoIL Mol MO| Amneay | pauyep Apiood | P 10sopuex n Ju9s31d - ON Ovvd ENT] st
Blu-pows lueq ssesgpuesaan | MO mol A Aep Ayjs umos josopue ajqess pa ae19po 2dda; By Ao, s Aap - o
yBy-p wEaIS 10 UOO 0 2UOPIRD puesaan | peusop ] al 1o A q osopue 935 pag respony paddars uByAaA | pauw AsaA - ON N E v
Biu-pows iueq ssesfpuesaan | weans ol adjs doars-pous Ris Aep Aajs umos josopue aes9po 2dda o uasalq -0
yBy-p weons Jo uoor Jo 23u5pID pue soa1y s ol s daais-p: a1 P Ay q osopue resopoI paddars n Juesag - oN STy Wy &
B1u-pow Siueq sses8 pue saan n ads doaus-pows Ais Aep s umor josopues uoisoi 23010 a1espo; adda 21e19p0 uepunqy - o
yBy-p eI 10 UOOI 0 32UOPIRD P weons pougop| 28 €SP a1 1o A q osopue 3 resapopy paddars 1es2poNy auepunqy - on STvax Wy w
o) ny
o sseid pue a1 adofs mol A Aokep umos osopuey | uolsou jeiapo o anesuo a1e19p0 uasaiq - o
| 101 ‘Syueq Suipiy sseis pue 5301 PUESIOL | houop Is Mo al 1o umoiq fosopue 1esapony 1 o] 1e13pON 2ussaid - oN ST Wy w
ajesspow 55843 pUE 5213 1 ssess pue saau) n daays Apues |osopue: daa 2dda; Mo uepun( of
P wuy play Apuaiedde syueq dasis P - weans pauyap fajis umouq 3y 1osopuex S paddais i Juepunay - oN vt e o
51001 997 UENOI p—
rm $IUEq JO UOISI3 JO 32UIPIND soan uoq adojs daais-pous s Eue nu . josopuey |  uoisoss sresapoy sjes9pon aneauoy e pawwi AsaA - oN Z0vdy vy 66
pue syueq uo [0s Auyis 3500] a3
Suoz Uened
Mo Sa13 pue ssels Japun [qels suet ul passesd adojs daass-pow 2qkews Aepp umol josopuey | uomssodap a3esapoy mo anesuo: mo Juas31d - O
| P pun [geis ueq pue poan I P o Apues s o umosq osopuey p 21613pON 1 o] 1 d-oN 001 Wy 8¢
Apresapow
auoz uenedy
u passess
Moy sox1 pue ssei8 apun [qeis yueq P adofs daais-pous Aep umoiq josopuey |  uoisoss aresapol Moy paddars moy wasald - oN 285% W 5
Apresspows
Suoz Uened
u passess
Y8iy- sres3pows ea.e pa1e1a39AUN UO UOIS0J3 BWOS| oue poon weans |Iny adojs daais-pows s Aepo Axjis umouq S|0SOMBA UoIS013 21e13PON s1e19poN anesuo) = pauwi| AaA - ON oLEd) vy 9
Ajpresapow
3uoz Ueed
passon
By- sresapows aney sopiyen i syoo y asaym | TSSO SRR | urpasseE o adojs mo| Apues Ays Hueq uo josopuey |  uoisoss aresapol aresapopy nsspun a1es9pony wasld - oN £sedd Wy se
u 10 22uapIAD pue paany 4 05 Aakep Kapis
JUBq U0 LOIS0J3 J0 20UIPIND
Apresspowt
518
pue saax3 Japun
mol sses pue saa.3 Japun [aqes yueq auou o | wensny njyueq soiemuopun | ssesd sopun Josopuey alqexs pag ey aneauoy szedx W ve
Apneay
Mo ssei BUISSOD g pue saasn | weasis n Sudols Itos AaAepd josopuey | uoisoua ajesapo aesapo adda 21e19p0 uasasq -0
| pue saa13 J3pun Aejo 3|qe3s Sueq | weasns pue aous) P i s n ¥ umoiq 3 1osopuex ieepoN NeRPON paddis e12PON uesald-ON ozed) vy €€
3upioy Jaem Jo
Moy 218 18U} 5393 pue sseJ3 M soanpuessess | (inyyueq Punsipul " muem e Josopuey a1qers pag Jels aneauoy S1es9poIN Jussald - oN 084 vy 2
pajesagan 1ng Jatem Japun Ajjelod i i
weans ssaroe amEed 59013 pue seid o hokep
s1es9pow 213ym apis uo asseds 33 pue | JuspIAG Buizess | yum paeyadan mo| . _m_ES 4 " sjosousp | uoisoss sresapop 1ol anesu0d sresspoiy Ju3s31d - ON S6zd) vy 1€
S5e.3 ‘5301 pue ssei8 Japun syjueq Aineay She]
saa13 pue seis a9epns
Mol Sueq passei pue soazs yum umpoesaBon | weans ny Suidols Bupyool Ais sosouap | uoisos ayesapoy ajesspony paddais mo Jasig - oN 06243 Wy o¢
sfueq Aohep> wieass Bumoly mo| '
Auneay Aep> umoaq 381
5003 pue se.8 oepns
Mol 12 PISSEAB PUE SO UM | 0511013 |y posioBon | weans in 3uidors Supyool Ass sjosouan alqers pog mo1 aneauon 21es9pol wassd - oN stz W 6
! syjueq Aske|> wieanys Bumoly moj P! P in ¢ Aol Al e 19e3s P!
Auneay hepo umouq 3
5013 pue sei3
mol {istppas) piaum mpoeroton | 2UMOU nypue Aepp umos sjosou ajqess pa: e aneauo; 8
] Jorem poeagon Aineou syueq yum paey - Jopueq P umoiq 10509 935 pag el o] yBH sz Wy 8z
Auneay
50013 pue se.8
mol pareiaBan Mjineay i poesadon | fingsyue iy pue sseid sapun sfosou, alqess par e aneauo; mo uasasq -0
| sl SjuEq - N} Yok 5| wesis yum p: I} yueq 4 jueq P I A Iqess pag el o 2l Juasa1d - ON ogzdd vy id
Anneay
Moj MOJ} MO| - J33eMuapun uleld pooj Pue| poom auljsp un ureyd pooj sseJd Japun S|0SOM3y
| Iy mol pun ureld pooly uado pue ssess | PP 1d pooy P fosouan stz vy 9
o Molj o) 55e.8 2pun eq [2A2) seos pue sseid | weans peol syueq mo Aepp umos siosowan T aneauo: 1e19p0 Jussaig - o
! MO} pUB|IaAO/ [auUeYd poRIq L peoiq ueq moj { q 1 14 2] PON 'd - ON [a2] vy sz
saa.1 pue ssesd
81 018015 § 32U3PINS seonpuessess| MM syueq moy jone18/ Apues | iapun syueq josopos | uoisoss aiesepopy Moy paddars s1e19poly wasald - oN SsTN Wy v
uan awos ssei8 sapun yueq Apues weays paulyep i ™
Apues/hyps
219y peoi e 51 210
4P " Aemasnes
ey uand wapia Aeued sou | PO oy uons Sfueq 101
yay/a1es9pow uoIs013 - BuIBH0q In0YIM S5328 ey | seenpuesses | MO _“ | APUES 21U Buidors | Apues/Ais | paq pue siueq Josousy | uonisodap aresapoin s1e13p0N paddais yam Ju3s31 - ON Sutd vy €2
molje 035N 10 uewipas snopaid | P2 e ling dssp Aaps Apues

Xy 01 Ajqissod peoy 1oy 83210u00

i uasaad peos




WARATAH COAL | GalileeCoalProject- Environmental Impact Statement - August 2011

Waratah Coal

Appendix B — Laboratory Certificates

E3 Consulting Australia Pty Limited ABN 44 242 443 207

Waratah Coal - Soils and Geology - Final 5 Oct 2010.docx



Appendix 6 - Soils and Geology

Volume 5 - Appendices

e
Auedwoy payiwi sisyjoig [jaqdwed v
wo'|eqo|Bsie MMM g7/ SYZE-L-LO+ Xed ZZZL EVTE-L-L9+ IOL
€50 BlleisnyY Q10 PIOYEIS J08AIS PUBYS ZE
dnosn hiojesoqen sV 9y} jo ued
aueqsuig uoIsinI[ IPjuawuoJINug

sojuebiQ }slway) juswiniysu] oluebiQ 1014 Hel ‘52021 O3I/0S! NOLLV.LIG3HIIV
yym aoueldwod o} payipalody Q3SIND0O3H dTHOM
sojuebiou] I1siway) juswnsu oluebiQ 15014 nepw
sojuebiou] }siway) oluebiou| Joluss 90EDON Wiy

‘sjuswalinbal uone)paiooe

AioBajen uonejipaiooy uojpIsod salojeubls V.1VN Yliim soueploooe - h )

"L L Wed Y40 1Lg ul payoads sainpadoid yym soueljdwod ul Jno paliied ul panssi s| Juawnoop siyl
usaq sey bBuubis ouono9|g 'Mojeq pajeolpul  sauojeubls pazuoyine ayy Ag paubls Ajeoluoliosle@ usaq Sey juswnoop  SIyl
salojeubls Gzg Alojesoge payIpeIddy VIVN

s)wi joguo) syebouns @
synsay [eonhleuy e
SJUsSWWO) [elouss) e
:uolewJoul BuIMoj|o} 8y} Suleluod siskjeuy Jo 81eolila) siyL
"oses|al
Jo} panoidde pue peyosyo useaq aAey Modas siyl jo sabed |y papiwgns se (s)oidwes ayy 0} Adde synsey "eoualsel siyl yium (s)podel snoineld Aue ssepasiedns jodel syl

0g: pasAjeue ssjdwes jo "ON 60/LY0/N3 - Jequinu 810N
6 - paAleoal sa|dwes Jo "oON
syuawublly |ley-yelesep\/yadsy : RIS
600¢-030-80 - sjeq anss| TMNHLIS Jojdwes
6002-AON-GC - paAieoay se|dwes aieq hat Jsquinu 9-0-0
=== Jaguinu JapiQ
juswalinbas 50D STV Pue (£)g 8INpayds 6661 D3N : 18787 DO 91¢609 - joeloid
812/L €¥Ce-L-19+ - ollwisoe 9/1/8€0€€ L0 L9+ - ollwisoe
CeCl €vee-L-19+ - auoydajo | L€CE 6CLE L0 LI+ - auoydaje |
w09 0JIAUSS|eD)dUBgSIIg SOOINIS : jlew-3 Ne’woo'}NSU0ISaIagIays : jlew-3
Z0LY VITVYELSNY ‘d10 YaavONOOTIOOM
€G0p ellessny Q0 pJoyels 18a8is pueys ¢g - SsaIppy 13341S HONOYLIVND 0€ : ssaIppy
Ja1siuy wig - JOEJUOD 143943H NHOM' LS "IN - joejuo)
oueqslig UOISIAI(] |[ejuswWUOIIAUT : Aiojeloge] all ALd 1TINSNOD €3 : Wl
L1430 : abeyd 29816093 : 13pJO YIOM

SISATTVNY 40 FLVOIHILd3O

UOISIAI(] [BlUBWIUOIIAUT

SIVINGTS ONILSTL @ ALLSINIHD TVOILATVYNY
dnoJing hiojeloqe sV




Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwiy sieyjolg joqdwe) v

asnoy Ul ‘ANd3IN pue SvY

Buipodal Jo [9A3] 8Y) SAOJE IO Je SU0[}0a}ap S}AJeue [ENPIAIPUI WO pajndwod S| }Nsal SIy] = v
Buniodau jo ywi = YO
*A18100S [E2IWBYD UBDLIBWY BU} JO UOISIAIP B S| 99IAI9S S10BJISAY [edlway) 8yl "SadIAIaS SJOeIISqy [Bdlway) Aq paulejuiew asegejep woly Jaquinu Ansibal Sy = JaquinN SYO N

‘Jualo Aq papiaoid Jou sem uolewIoUl BY} 00:0 Se pake|dsip si swiy Buldwes sy j| “sesodind Buisseoold 10j A10jeioqe| 8y} AQ paWINSSE Usa( dABY 9S8y} ‘PajedorIq UMOYS aie (S)awl) Jo/pue (S)ajep usypn
"gouBIapBIUl XI1jew Jo (pakojdws JyBiem psonpai) sjdwes Jusioynsul ‘Juajuod ainjsiow ybiy 0} anp aq Aew siy} ‘YO pJepuess wolj sisyip ynsal papodal e Jo YO 8yl 818U

‘sisAjeue Joy a|dwes juaiynsul Jo/pue uonn|ip axeysabipoesxe ajdwes Atewd o} snp aq Aew SIy} “HO7 9y} ueyy 1aybly si ynsal (>) uey) ssa| papodal e I8y

‘siseq Jybrom Aip e uo papodal aie synsas ‘pawlopad usaq Sey UoleUILIB)EP 8INISIOW BJYA

‘Jsenbau jual|o Ag 10 splepue)s pajuswnoop Jo 8duasqe ay) ul pakojdws ale sainpasold padojorsp
‘VHdVY ‘Vd3sn au} Aq paysiignd asoy} se yons sainpadoid peaziubooas Ajeuoneulsjul paysijgelse woly padojoasp Usaq SABY UOISIAI] [ejuswuolAug 8yp Aq pasn sainpaocosd |eonkleue ayj

SjuBWWOo) [eJoUdD)

SOV

9lz609 - 100[01d
AL1ALd LINSNOD €3 - elo
¥298l60d3 - 19pJO YO

L1J0¢: abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

810-v298160893

L10-v29816093

Hin

19quInN SYO

SIN-dOI Aq sjels|l [ejol 1102093

g0 50> /61 g0 | 0€1-865S MAyjow-sojufdiolyd
e — — G0> G'0> q/61 [<X0] G-ly-€ee uouizeiq
—- — — G0> G'0> 7/6r S0 G-15-09 ajeoyjawiq
> Z> 7/6d z ¥-22-€269 soydojoisouop
— G0> 50> /6l G0 | 898616 IAujew-g-uojswag
G 0> 50> /6d G0 | /€29 soAlo|yaiq
(dO) sapionsad snioydsoydouebiQ :9890d3
> S 7/ z S-€v-cL J0]ysAxoyla |y
—- G0> G'0> 7/6r G0 G-0L-v6¥€S auoj}ay uupuz
— — — > > 7/6n 4 €-62-0S 1aa-vv
50> 50> /61 G0 | 8.20-LE0L @jey|ns ueynsopug
50> 50> 4/6r S0 y-€6-L2v. apAyap|e uupu3z
— — — 50> G'0> 7/6d S0 8-¥G-¢L aaa-vv
g0 50> /6 g0 | 6°99€lzee ueynsopu3-ejaq
g0 50> /61 g0 | 80zZL uupuz
G0 50> /61 g0 | 6652 aaa-v'v
- G 0> 50> 4/6d S0 1-15-09 uupjaiq
50> 50> /61 G0 | 6LL-€0LS auepJo|yo-sio
50> 50> 4/6r S0 8-86-656 uejnsopu3-eydje
— — — 50> G0> 7/6r S0 ¢v.-€0LS auepJojyy-suesy
50> 50> /6d G0 | £15v20L apixoda Jojyoeydoy
G0 50> /6 g0 | 200-60¢ uuply
g0 50> /61 g0 | 8vroL Jojyoeyday
— — J— G0> G'0> 7/61 [<X0] 8-98-61¢€ OHg-elep
- 50> 50> 4/6d S0 6-68-8G OHg-ewweb
— — — 0> G0> 7/6n S0 1-G8-61L€ JHg-e1eq
50> 0> 7/6d S0 L-v.-8LL (99H) suazuaqoiojyoexay
G0 50> /6r G0 | 986l OHg-eydie
(00) sap1onsad aunojyodouebliQ :vg90d3

— — — 1000°0> 9-/6-6€V.L
SINI4 Aq AindJsay [ejol :16€093
— — — —— S00°0> /6w G000 | 999-0v¥. ouiz
— — 100°0> /6w 1000 | 0-20-0¥v.L I949IN
- 100°0> q/6w 1000 | b-c6-6EvL pea
100°0> /6w 1000 | 8-0G-0¥b. Jaddog
—- 100°0> /6w 1000 | €-L¥-0vPL wniwouyy
I - — - 1000°0> /6w 10000 | 6°€¥-0¥¥.L wniwpey
- 100°0> /6w 1000 | ¢-8E-0¥¥.L dluasiy

punoawon

00:G1 600¢-AON-0C

00:G1 6002-AON-0C

oawliy / ajep buydwes juaiiD

- - o 10 uelg duy 10 Yue|g asury ai sjdwes jusio QINDIT XUIBN-GNS
sjnsay |eanhjeuy

s1Vv 912609 109l01d
ALl ALd LINSNOD €3 elD

29816093 19pIO YoM

/1J0¢ obey



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

ajebo.ing apid13sad auliojyosouebio :S890d3

(wns) uoyoeiy 9€7 - 010 v

suogued0.pAH wnajoi3ad [ejol :120/080d3

¢ve-lel

auajMiad(1'y-B)ozusg

0l> 0L> 7/6d o0l €-0L-€G auaoelyjue(y-e)zuaqiq
0l> 0L> 7/6r 0l G-6€-€61 aualAd(pa-g z’L)ouspul
G0> 50> /61 G0 | 8Te0S suaifd(e)ozuag
0> 0L> 7/61 0l 6-80-20C auayjueloniy(y)ozuag
- 0lL> 0> q/61 ol 2-66-50C auayjuelonjy(q)ozuag
0> 0> /6r 0L | 6l08lZ auashiyo
0> 0> /6 0l €-6G-9G auadeiyjue(e)zueg
0l> 0> /6 ol 0-00-6¢} auaihd
0L> 01> /6r 0L | 0-¥p-90Z auayjueion|y
— — —- 0'L> 0L> q/61 ol /,-¢l-0CL auadelyjuy
— — - 0l> 0'L> 7/6d 0l 8-10-G8 auaiyjueuayd
— — — 0l> 0'L> 7/6r ol 1-€/-98 auaion|4
i 0l> 0l> q/6d ol 6-2€-€8 suayjydeuasy
0> 0l> /6r 0} | 896802 ausjAyjydeussy
0l> 01> /6t 0L | €0Zl6 ausjeyjydeN

Suoq.Jed04pAH odnjewoly Jeajdnuijod :g(NIS)s20d3

— 05> 05> 7/61 0S - uopoeld 9¢J - 620
— — - 001> 00L> 7/6d 00} - uopoeld 823 - 510
— — — 05> 05> q/6r 0S - uonoeld ¥19 - 01D
— - —— 0z> 0z> 7/6d 0z - uopoeld 62 - 90

SU0QJe0IpAH Wnajonad [e30] :080/1L0d3

810-v298160893

L10-v29816093

g0> 50> q/6r so | 1Ausol soyduizy
50> G0> 7/6r S0 9-61-982 uolyjouaydoqied
i 50> G'0> /61 G0 2-21-€95 uolyig
50> 50> 7/6r G0 y-9v-€v9ve sojolyjoid
50> 50> /61 g0 9-26-¥22ee soydjweuay
50> 50> 4/6r g0 9-8/-¥28¥ 1Ayje-soydowoug
50> 50> 4/6r S0 9-06-0L¥ soyduiauagiolyy
— 50> 50> /61 G0 L-1%-G0S€T 1Ayye-soydwid
> > 4/6r z 2-8€-95 uolyjesed
50> 50> 7/6r G0 2-88-1262 soyuhdiolyo
50> 50> 4/6r G0 6-8€-GS uolyjuay
50> 50> /6 S0 G-G/-lgl uolyjejey
> > /6 z 0-00-86¢ 1Ayjaw-uoiyjesed

wn 1equinN Sy

panunuo) - (dO) sapidlysad snioydsoydouebiQ :9890d43

punoawon

00:G1 600¢-AON-0C

00:G1 6002-AON-0C

oawliy / ajep buydwes juaiiD

- - o 10 uelg duy 10 Yue|g asury ai sjdwes jusio QINDIT XUIBN-GNS
sjnsay |eanhjeuy

s1Vv 912609 109lo1d
ALl ALd LINSNOD €3 IET o}

29816093 18PIO HOM

L0y - obeq



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

— -——- -—-- €16 6'88 % 10 ¥-00-09% audzusqoionjjowoig-y
——— ——— —— 8'v6 V96 % 1’0 G-9¢-2£0C gQg-ausnjo]
0L €86 % 10 0-,0-090Z1 @-aueyjaolio|ydiq-zL

sajebo.ing X319/(A)HdL :S080d3

810-v298160893

L10-v29816093

506 0L % 1’0 | 0716-8LLL yip-lAusydiay-y
e — — v'vs 668 % 10 8-90-6L.1 0lLp-auddelyjuy
8'v8 668 % 10 8-09-12¢ 1Auaydiqoion|3-g

sajebo.ins Hvd :1(NIS)S20d3
8'88 8'€6 % 10 | 968l lousydowoiqul-9'y'Z
Sl VL % 1'0 | 9-€/-1G6€6 ya-lousydoiojyo-g
99z 6.2 % 10 | €88-LTlEl 9p-jouayd

sajebouing punodwo) aljouayd :S(INIS)SL0d3

ajebo.ing apionsad snioydsoydouebiQ :1890d3

¢-€1-9991¢C
panunuo) - ajebo.ing apidnsad aulojyasouebiQ :S890d3

19quInN SYO

3aa-owoiqia

punoawon

00:G1 600¢-AON-0C

00:G1 6002-AON-0C

oawliy / ajep buydwes juaiiD

. - - 10 Yueig duy 10 ue|g asury ar ajdwes jsip aINBI XUBN-GnNS
sjnsay |eanhjeuy

SV 9lz609 - 100[01d
ALTALd L1TINSNOD €3 - jelo

29816093 * 18pJO YIOM

L1 J0gG abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

(1]} 4 [11:1) 0501 (1]} 0Sl1 B3y/6w ol 9-00-28891 apuojyo
spuoly9 :50a3
60 60 80 (-4 9L 10 - oney wnisaubepjwnioje)
€8l 'S z'le (A% [274" % 10 - JuadIad wnipog a|qeabueyoxy
S0l 9'9¢ 96 v'es 6l 6001 /bsw 10 . fyoeden abueyox3g uones
6°l 6°l St 90 €0 6001 /baw 10 ---- wnipog ajqeabueyoxy
€0 S0 20 (4} €0 6001 /baw 10 - wnissejod ajqeabueyoxy
124 08l (41 9yl 50 6001 /baw 10 - wnisaubey a|qeabueyoxy
(U4 [4:1 9T 0°L¢ 60 6001 /baw 10 - wnioe) ajqeabueyoxy
suone) ajqeabueysx3y :200ad3
6'¢ 9'G (47 (0.£01 © paup) Judju0Y 3INISION
jusjuoy aInjisio S50V
9291 SLi (474 oNpuo) |esujod|y
oNpuoy :0Lov3a
S02 SL'E 1'€6 onjey uondiosqy wnipos
(4vS) oiey uondiosqy wnipos :900v3
69 8'L (4] anjep Hd
(siros) Hd : zoov3
800-729816093 100-¥29816093 S00-¥29816093 200-v29816083 100-¥29816093 JequinN SYO PUNOALLIOD
00:G1 6002-AON-91L 00:G1 6002-AON-91L 00:G} 6002-AON-9} 00:G1 6002-AON-91L 00:G1 6002-AON-9L awiy / ejep bulidwes jusijo
€000 ¢ INN €0-00 L INN €'0-0'0-€0SS L SldX €'0-0'0-20SS™ L SdA €'0-0'0-L0SS™ L LdA al ajdwes jusiD 108 :XuBN-gNS
sjnsay |eanhjeuy
SV 9lz609 - 100[01d
ALTALd LINSNOD €3 - juald
¥29816093 - 19PIQ HOM

/1409 : abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

G0'0> G0'0> G0'0> G0'0> By/6w S0°0 2-v.-€01S auepio|y)-sueuy
S0°0> S0°0> 500> 500> By/6w G0'0 | €.G-¥ColL apixoda JojyoejdaHq
500> 500> S0°0> 500> Byy/Bw G0'0 | 2-00-60€ uuply
G0'0> G0'0> G0°0> G0°0> - 63/6w G0°0 8-v¥-9. Jojyoeyda
500> 500> S0'0> 500> Bsy/Bw 00 | 8986lE OHg-elep
500> 500> G0'0> 500> Bsy/6w G600 | 676885 OHg-ewweb
500> 500> 500> 500> Bsy/6w 00 | LG86lE OHa-e1oq
500> 500> 500> 500> Bx/Bw G500 | vl (g9H) auazuaqoiojysexaH
500> 500> 500> 500> By/Bwi G00 | 986l OHg-eydje
(D0) sapidnsad auliojyosouebliQ v890d3
10> 10> 10> 9-16-6E1.
SINId Aq Anduay [ejol :16€093
44 1S 9¢ g 9-99-0vv. suiz
1 8 yx4 [44 ---- By/6w Z 0-20-0v¥. 19%9IN
G> 9 L oL - B31/6w o] 1-26-6EV.L pea
4} 4} [x4 9z 63/6w ] 8-05-0tv. 1addop
SS [4 0L 19 - 631/6w z €-Ly-0vvL wnjwoJyo
1> 1> [ 1> 63/6w | 6-€v-0tv.L wniwpe)
G> G> 9 L 63/6w ] 2-8€-0tv.L oluasay
S3V-dOI Aq sjels|y |ejol : 150093
9-00-28891 apuo|yo
apuoly9 :sy0a3
== - - - 8L 10 - onjey wnisaubepjwnioe)
——— ———- - - S'G % 10 —--- JuadIad wnipog ajqeabueyoxy
szl 6001 /baw 10 Ayoedeg abueyox3 uoney v
- - - - 10 6001 /baw 10 - wnipos 8|qeabueyoxy v
— - - - S0 6001 /baw 10 === wnissejod s|qeabueyoxy v
— — vy 6001 /baw 1’0 - wnisaubep sjqesbueyoxy
— — — — L 6001 /bow 1’0 - wniole) s|qeabueyoxy y
suoije) ajqeabueyosx3y :200a3
g€ _ vz €y (2.£01 @ paup) Jusjuod ainjsiol v
jJusjuo) aumsiol S0V
_ 0,52 © AjAnanpuo) [ea1os|3
Ajianonpuo) :0L0v3a
_ oney uondiosqy wnipos y
diosqy wnipos :900v3
— _ — — anjep Hd
(sn1os) Hd : zoov3
v10-v29816083 £10-/29816083 Z10-29816083 110-729816083 010-+29816083 1OGUINN SVO punoaiog
00:G} 600Z-AON-9} 00:G} 6002-AON-9} 00:Gl 6002-AON-91 00:G} 6002-AON-9L 00:G1 6002-AON-91 awiy / ejep bulidwes jusijo
9'0-y0-vadSVY €0-€0-vadsv 9°0-20-Vadsv €0-10-vadsv €0-00" VL INN al ejdwes jusio 108 :xHeN-ans
sjnsay |eanhjeuy
SV 912609 * jo8foid
dLT ALd L1INSNOD €3 - welD
¥29816093 J9pIO HOM

LLJo /) abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

suoqJed20ipAH d13ewo.ly Jesjdonuijod :g(INIS)SL0d3
001> 001> 001> 001> By/Bw 0oL | uonoelq 9€J - 620
001> 001> 001> 001> Bx/6w 0oL | uonoeld 829 - GLO
0s> 05> 05> 05> - Bsy/6w 0S uondeld 19 - 01D
oL> oL> ol> oL> By/6w 0l uonoeig 69 - 90
sSuoques0.IpAH wnajouad |ejol :080/LL0d3
G0'0> G0°0> S0'0> S0°0> - B3/6w 500 - IAyis N soyduizy
S0'0> G0'0> G0'0> G0'0> - 63/6w S0°0 9-61-982 uolyjouaydoqied
S0'0> 500> S0'0> 500> By/Bw G0'0 | ZTI-€9S uoiy3
500> 500> S0'0> 500> By/6w G00 | 9v-evore sojolyjoid
G0'0> G0°0> S0'0> G0°0> - B/6w S0'0 9-¢6-¥¢cee soydiweuay
G0'0> G0'0> G0'0> G0'0> Byy/6w S0'0 9-8.-¥28Y 1Ayye-soydowoug
500> 500> S0'0> S0'0> Byy/Bw 00 | 9°06-0L% soyduiauspiolyd
500> 500> 500> 500> Bx/6w G0'0 | bl¥-G0S€T 1Ayse-soydwig
20> 20> 20> 20> - B31/6w Z0 2-8€-99 uolyjesed
G0'0> 500> S0'0> 500> - By/Bw G0'0 | C88-L26Z sojuikdioyd
G00> 500> S0°0> 500> By/6w G600 | 6-8€-GS uoyjuey
500> 500> S0'0> 500> By/6w G00 |SGLleh uolyzeley
20> 20> 20> 20> 63/6w Z0 0-00-862 |Ayjow-uoiyjesed
50'0> 500> 500> 500> Bx/6w G0'0 | 0-€1-8655 1Ayyew-sojuikdioyd
500> 500> S0'0> S0'0> - Byy/6w 00 | Glieee uouizeig
G0'0> G0°0> G0'0> G0°0> - By/6w S0°0 S-15-09 ajeoyjawiq
0> 0> 20> 0> -=-- 6y/6w z0 ¥-22-€269 soydojosoouopy
S0'0> G0'0> G0'0> G0'0> - 63/6w G000 8-98-616 1Ayjaw-g-uojawag
G0'0> G0'0> S0'0> G0°0> - 63/6w 500 1-€1-29 soAIo|ya1g
i (dO) sapidonsad snioydsoydouebiQ :9890d3
20> 20> 20> 20> -—-- Byy/6w Z0 G-ev-cL JojyaAxoyloy
500> 500> 500> 500> - Bx/6w 600 | G0Lv6VES au0}9y unpuzy
0> 20> 20> 20> 63/6w 20 €-62-09 1aa-vv
S0'0> G0'0> G0'0> G0'0> - 63/6w 500 8-/0-L€0} ajey|ns uejjnsopuy
500> 500> S0°0> 500> By/6w G00 | V€6levs apAyap|e uupuz
S0°0> S0°0> S0°0> S0°0> Bsy/6w G500 | 8¥S<cL aaa-.vy
G0'0> G0'0> S0'0> G0'0> --- B/6w G0'0 | 6-G9-€leee uejjnsopug-ejaq
500> 500> S0'0> S0'0> Bx/6w Goo | 80czel uupug
G0'0> G0'0> G0'0> G0'0> - B/6w S0°0 6-G5-¢L 3aa-.vv
500> 500> S0'0> 500> Bx/6w G0'0 | b-2509 uupjalq
500> 500> S0°0> 500> Byy/Bw G00 | 67LL€0LS auepio|yo-sid
S0'0> G0'0> G0'0> G0'0> - 63/6w S0°0 8-86-656 uejjnsopuz-eydje
panunuo) - (D) sapId1)sad auuojyosouebiQ :vg90d3l
¥10-v29816093 £10-/29816093 Z1L0-v29816083 110-v29816093 010-29816093 win HO7 | /PqUNN SYO punoauiod
00:Gl 600Z-AON-9L 00:Gl 600Z-AON-9L 00:Gl 600Z-AON-9L 00:Gl 600Z-AON-9L 00:Gl 600Z-AON-9L awiy / ojep buldwes juslo

9°0-¥O-vAdSVv €0-€0-vadsv 9°0-23-vadsv €'0-10-vadsv €000 VI INN al ejdwes jusiin 7108 :XUeN-qns

sjnsay |eanhjeuy

SV 912609 1o8f01d

al1ALd LINSNOD €3 - jCE]le}

29816093 19pI0 YoM

/1J08 abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

601 oLl 101 LLL == % 1’0 ¥-00-09% auazuaqoionjjowoig-y
01 oLl 01 Sk - % 10 G-9¢-2€0¢C g@-auanjo]
1’86 €0l €0l 201 - % 10 0-20-090Z} yQg-aueyjaolo|ysig-z’L
sojebo.ng X319/(A)HdL :S080d3
101 v'.8 S0l 201 - % 10 0-1S-8LLL p1p-|Auaydia)-y
v'Z8 oL 098 G'e8 == % 1’0 8-90-6L11 0Lp-auaselyjuy
v'06 1.8 €16 1’96 == % 10 8-09-1¢¢ |Auaydiqoion|g-g
sajebo.ng Hvd :L(NIS)S20d3
198 2'86 (4111 9-6/-8L1 Jouaydowoiqu]-9'y'Z
€66 00l 801 ¥'96 - % 1’0 | 9€/-LS6E6 ya-louaydolojys-z
L6 9'88 €'96 2'G6 - €-88-2CLEL 9gp-jouayd
sajebo.ing punodwo) d1jouayd :S(NIS)SL0dT
8'6L _ rsL 508
ajeboling apidysad snioydsoydouebiQ :1890d3
8'G. _ 0L L'yl ¢-€/-9991¢ 3Qag-owo.qiq
9)ebo.ling apidlysad auliojyoouebliQ :S890d3
0G> _ 05> 06> (wns) uonoei4 969 - 010 v
SuoQques0IpAH wnajouad |ejol :120/080d3
G'0> G 0> G'0> Z-v2-161 auajfiad(rry'B)ozuag
G'0> G'0> G'0> G'0> — 63/6w S0 €-0,-€S auaoeiyjue(y-e)zuaqig
G'0> G'0> G'0> G'0> — 63/6w S0 G-6€-€61 aualAd(pa-gz L)ouapul
S'0> S 0> 0> G0> B3y/6w S0 8-2€-0S auaihd(e)ozuag
G0> G'0> G'0> G'0> -—-- Byy/6w G0 6-80-L0C auayjueionjy(y)ozuag
G'0> S'0> S0> G0> - By/6w S0 2-66-50C auayjuesonjj(q)ozuag
G'0> G0> G'0> G'0> - B31/6w S0 6-10-81C auasfuyo
G0> G0> G'0> G0> - 63/6w G0 €-G5-99 auaseiyjue(e)zuag
G 0> G0> G'0> G0> 63/6w S0 0-00-621 aualfd
G'0> G'0> G'0> G'0> — 63/6w S0 0-¥¥-902 auayjueson|4
G'0> G0> G'0> G'0> -—-- 63/6w S0 AN AN auaseayuy
S'0> S 0> G0> G0> Byy/6w S0 8-10-68 auaiyjueuayd
G0> G 0> G'0> G'0> —_ By/6w S0 1-€/-98 auaion|4
G'0> S 0> 50> G0> - B6y/6w S0 6-2€-€8 auayjydeuasy
G'0> G'0> S'0> S'0> - By/6w S0 8-96-80C auajAyjydeusoy
G'0> G'0> S'0> G'0> - By/6w S0 €-0C-16 ausjeyjydeN
panuyuo) - suoq.ued04pAH onjewouy Jesjonuijod :g(NIS)sL0d3
10-v29816093 €10-v29816093 Z1L0-vZ9816093 LL0-v29816093 010-v29816093 win 10qUNN SY9 punoawiog
00:G1 6002-AON-9L 00:G1 6002-AON-9L 00:G1 6002-AON-9L 00:G1 6002-AON-9L 00:G1 6002-AON-9L awiy / ojep buldwes juslo
9°0-¥O-vAdSVv €'0-€0-vadsv 9°0-20-vadsv €'0-10-vadsv €000 VI INN al ejdwes jusin 7108 :XUeN-qns
sjnsay |eanhjeuy
SV 912609 jo8loid
dll Ald LINSNOD €3 jCE]le}
29816093 18pJO YIOM
L1 J06 obed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

500> 500> By/Bw G0'0 | €.Svzol apixoda JojyoejdaH
500> 500> By/6w 500 | ¢-00-60€ uuply
500> G0'0> By/Bw 500 | 8¥r9L JojyseydaH

— G0'0> S0°0> 6/6w S0°0 8-98-61L€ OHg-ej8p
500> S0'0> By/Bwi G0'0 | 6°68-8S OHg-ewweb
e — — G0'0> 500> 63/6w GO0 1-G8-61€ JHg-e1eq
500> G0'0> By/6w s0'0 | L-vl-8LlL (g9H) auazuaqoiojysexaH
500> 500> 500 | 9¥86LE OHg-eydje

(00) sep1ansad aunojysouebio :yg90d3

9-16-6€¥.L
SII4 Aq Ainausy jejol :16€093

- - - ] 9-99-0v¥. auiz
- --- - € 74 By1/6w z 0-20-0t¥. 1932IN
— — — G> 6 B3/6w S 1-¢6-6Ev. pea
- - - G> vZ 63/6w o] 8-0G-0vv. 1addop
- —- 1L 69 63/6w z €-Ly-0vv. wnjwouyd
- - ---- 1> 1> 631/6w L 6-CY-0vv.L wnjwpe)
- - -==- G> 6 ] ¢-8€-0vv.L oluasIy
S3V-dOI Aq sjels|y |ejol : 150093
002 oSt - 9-00-28891) apuojyo
spuoly9 :50a3
€T Sl - -—-- -— 10 --- oney wnisaubepyjwnioe)
[43 '8 - — - % 10 - Juadiad wnipog a|qeabueyoxy
80l 801 —— 6001 /baw 10 Ajioede) abueyoxg uone)
7’0 60 600 L/bow 10 ---- wnipog a|qeabueyosxy
80 90 - - - 6001 /baw 10 - wnissejod ajqeabueyoxy
6°C L'e - - - 6001 /baw 10 - wnisaubep ajqesabueyoxy
8’9 9'¢G - 6001 /baw wnioje) ajqeabueyoxy
suope) ajqeabueysx3y :200ad3
89 _ & (2,01 @ paLIp) JualUOY BINISION v
jusjuod ainisioN :GSO0V3
1€ _ 8y 0,52 ® AjARONpUO) [B214)03]]
AjiAnonpuo) :0L0v3a
120 _ 80'9 oney uondiosqy wnipos y
(¥vs) oney uondiosqy wnipos :900v3
69 _ 8'L ---- anjepA Hd
(siros) Hd : zoov3a
£20-/29816083 020-729816083 610729816083 910-v29816083 $10-v29816083 1OGUINN SV9 punoauiod
00:Gl 6002-AON-LL 00:Gl 6002-AON-LL 00:S} 6002-AON-0C 00:Gl 600Z-AON-ZL 00:Gl 600Z-AON-9L awiy / ojep buldwes jusld
€ €

0-0'0-€1LSS dZ SO0LdM | '0-0°0-¥1SS L 80LdM Lovidg duy €0-50 60/11/91-10-0DVO al ejdwes jusio 1108 :XuepN-ans
sjnsay |eanhjeuy

SV 9lz609 - 108[01d
allAld LINSNOO €3 - juslo

29816093 19pIO NIOM

L1300l : abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

— — - 001> 00L> B/6w 001 - uopoel4 823 - 6510
— - — 05> 05> Byy/6w 0S - uonoeld ¥19 - 01D
9z oL> oL> By/6w ol uonoeld 63 - 90

suogued0.pAH wnajoijad [e3ol :080/LL0d3

—- —- - G0'0> 500> By/6w G000 - 1Aysy soyduizy
500> 500> Bxy/6w 500 | 96L-98L uolyjouaydoq.en
500> G0'0> Byy/6w G0°0 | 2Ch-€9S uoiyyg
— — —— 500> 500> 63/6w S0°0 7-9-€v9v¢E sojolyjoid
500> 500> By/6wW 600 | 9-¢6veeee soydiweuay
500> 500> Byy/6w 00 | 9°8Lvesy 1Ayje-soydowoig
o 500> G0'0> /6w 500 | 9°06-0L% soyduiauapiolyo
500> G0'0> Bx/Bw G0'0 | b-lp-G0SET 1Ay3e-soydwing
20> 20> Byy/6w 0 2-8€-95 uolyjesed
500> 500> Byy/6w 00 | 2881262 soyuhdiolyo
500> G0'0> Byy/6w G600 | 6-8€-GS uolyjuay
— 500> 500> By/6wW 500 |§6Llgh uolyjejey
0> 20> By/6w zZ0 0-00-862 1Ayjaw-uoiyjesed
500> 500> Byy/6w 500 | 0-€1-86GS 1Ayjow-soyuihdiolyo
— — — G0'0> 500> 63/6w S0'0 S-Ly-eee uouizeiq
500> G0'0> Bxy/6w 500 | S19-09 ajeoyjawiq
20> 20> B3y/6w zZ0 ¥-22-€269 soydojoisouopy
500> 500> Byy/6w G0°0 | 8-98-6l6 1Aylow-g-uojaweq
500> G0'0> Byy/6w 00 | L€L29 soAao|ya21a

(dO) sapidnsad snioydsoydouebiQ :9890d3

€20-v29816093

020-¥29816093

610-v29816093

910-29816093

§10-¥29816093

20> 20> Bxy/6w 20 S-ev-cl JolyaAxousay
500> 500> B3y/6w 500 S-0L-¥6¥€S dU03d) unpuz
20> 20> By1/6w z0 €-62-0 1aa-vv
I S0°0> 500> By/6w 500 8-/0-L€0L djey|ns ueyjnsopuy
00> 500> 6/6w 500 y-€6-Lev. apAyapje uupu3
— — — 500> 500> B31/6w S0°0 8-v5-¢L aaa-.vy
500> 500> By/Bw 600 | 6-69-€LZEE ueynsopuz-ejaq
e — — G0'0> 500> 63/6w GO0 8-0¢-¢. ulipuzg
— — — G0'0> 500> B3/6w S0'0 6-96-¢/ 3aa-.vv
500> 500> Byy/6w 500 1-45-09 uupiaiq
500> 500> By1/6w S0°0 6-1,-€01S auepJojy-sid
I S0°0> 500> 6/6w 500 8-86-656 ueynsopuz-eydje
500> 500> By/Bw GO0 | Z¥L€0LS sueplojyg-sueu}

nn 19qUINN SYO

panunuo) - (D) sapId1)sad aulojyosouebiQ :vg90d3l

punoawon

00:Gl 600¢-AON-LL

00:G1 600¢-AON-LL

00:G1 6002-AON-0C

00:G1 600¢-AON-ZL

00:G1 6002-AON-9L

¢

¢
'0-0°0-71SS ™ L 80LdM

awly / ajep buydwes juaiiD

CO0-ELSS 92 S0LdN Londs duy £0-60 60/LL/OL-LO-DDVD | g ejduwes jusy) 08 XuleN-ans
sjnsay |eanhjeuy

SV 9lze0d 109foud
dll ALld L1TNSNOD €3 jelo

29816093 19pJO YoM

/110 abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

0.8

8’76

%

10

8-09-1¢€

|Auaydiqoion|4-g _
sajebo.lng Hvd :L(NIS)S20d3

916 oLl % 1’0 | 96/-8LL jousydowoiqu1-9'y'Z
201 001 % 1’0 | 9€L-1G6EB a-lousydouolyo-z
966 SoL % 10 | €88-/21EL gp-lousyd

sajebo.ing punodwo) dljouayd :S(WIS)S20d3

ajebo.ing apionsad snioydsoydouebiQ :1890d3

C¢-€L-G59l¢

3ag-owoiqig

ajebo.ing apio13sad auliojyosouebio :S890d3

gl Bx/6w G0 | 9L¥S6 aua|Ax-oypo
v's Bx/6w G0 | €90l €-8€-804 sus|Ax-eled 3 -ejow
o — L — — By/6w S0 -1¥-001 auazuaqlAyig
€c Bx/6w G0 | €88-80L auanjoy
— — FA) —— - By/6w Z0 Zev-LL auazuag

X314 :080d3
(wns) uonoeag 9¢0- 0L v

suoqgued0.pAH wnajoi3ad [e3ol :1.20/080d3

50> 50> By/Bw S0 Z-v2-161 auajfiad(1'y-B)ozuag

— 50> 50> By/Bw S0 €-02-€S auaoelyjue(y-e)zuaqiqg
G0> 50> B/6w S0 G-6€-€61 aualhd(pag'z')ouapu|
50> 50> By/6w G0 | 82€05 suaihd(e)ozuag
50> 50> By/6W G0 | 6°80-L0Z auayjueionjy(x)ozuog

50> 0> B/6w S0 2-66-502 auayjuelonyy(q)ozuag
— — - 50> 50> Bx/6w S0 6-10-8LC suasfiyo
50> 50> Bxy/6w S0 €-GG-9G auadeiyjue(e)zuag
— — — G0> G0> B/6w S0 0-00-621 suaifd

g0> G0> Bx/Bw g0 | 0¥r902 suayjuelon|y
— — — G'0> G'0> 63/6w G0 1-21-0C1 auadelyjuy
50> S0 By/Bw S0 8-10-G8 auaiyjueuayd
— — — G0> G0> 63/6w G0 1-€/-98 auaion|4
0> 0> B/6w S0 6-2€-€8 auayjydeuaoy
50> 0> B/6w S0 8-96-80C aus|Ayyydeusoy
50> 50> Byy/bw S0 €-02-16 ausjeyydeN

suoqJed04pAH d1jewoly Jeajdonuijod :g9(INIS)Ss20d3
uonoelq 9€J - 620

panupuo) - SU0QJed0IpAH WNajo43ad [elol :080/120d3

J9quinN SYO

punoawon

€20-v29816093 020-v29816093 610-¥29816093 910-¥298160893 §10-v29816093
00:G}l 6002-AON-LL 00:G}l 6002-AON-LL 00:G1 6002-AON-0C 00:G} 6002-AON-LL 00:G) 6002-AON-91L aw / ejep buldwes jusijo
€ €
0-0'0-€1LSS dZ SO0LdM | '0-0°0-¥1SS L 80LdM Lovidg duy €0-50 60/11/91-10-0DVO al ejdwes jusio 1108 :XuepN-ans
sjnsay |eanhjeuy
s1Vv 912609 109lo1d
dl7 Ald LTINSNOD €3 juslo
29816093 49pI0 HIOM
LLjo¢glL abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

— f— 101 101 9Ll % 10 ¥-00-09% auazuaqoionjjowoig-y
yoL 601 SLi % L'0 | §9¢-Le0C 8@-auanjoL
L'96 201 SoL % 1’0 | 0-£0-090L} ¥Q-2uey}a0I0|y21a-z'L

sajebo.ing X319/(AN)HdL :S080d3
y1p-1Ausydia -y

0Lp-auaselyuy

panuyuoy - sajebo.ling Hvd :L(NIS)SL0d3

0-1S-8LLL
8-90-61.1

- 801 €01 % 10
---- G'¢6 §'69 % 10

19quInN SYO

punoawon

§10-¥29816093 Hn =(ox]

00:G1 6002-AON-9L

610-v29816093
00:G1 6002-AON-0C

910-29816093
00:G1 600¢-AON-ZL

€20-v29816093 020-¥29816093

00:Gl 600¢-AON-LL 00:G1 600¢-AON-LL
€ €

awly / ajep buydwes juaiiD

0-0'0-€1LSS dZ S0LdM | '0-0°0-¥1SS L 80LdM Loyids duy €0-50 60/11/91-10-0DVO al ejdwes jusio 1108 :XuepN-ans
sjnsay |eanhjeuy

SV 9lz609 - 100[01d
allAld LINSNOO €3 - juald

¥29816093 - J9pIO NIOM

LLjogl abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

08l 06 091 091 061 Bx/Bw ol 9-00-28891 apuo|y9

apLIoy9 :5¥0a3

LIS €€ €1 24 90§ 1o | oney wnisaubepjwnideg y

90 (14 €0 f44 €0 % 10 - JuadIad wnipog a|qeabueyoxy

€0l 6'C 8'02 09 y'Ge 6001 /baw 10 - fyoeden abueyoxg uones

1'0> 10 1°0> 1’0 10> 6001 /baw 10 - wnipog ajqeabueyoxy

4 L0 0 80 S0 6001 /baw 10 b wnissejod ajqeabueyoxy

0 2] 7’0 0l 10 6001 /baw 10 - wnisaubeyy ajqeabueyoxy ,

66 9l 20z 6001 /baw wnioje) ajqeabueysxy

suone) s|qeabueysx3y :200a3

124 _ 6'S 6L (0.£01 © paup) uajuoY 3INISION

jJuajuo0 aIN}SIoN SOV

4] _ Sl r44 9,52 © ANAONpUOY |ed113I9|]

AjiAnonpuo) :0L0v3a

1ce _ €0 vv'o olnjey uondiosqy wnipos

(¥vs) oney uondiosqy wnipos :900v3

1’9 _ 9y L'y anjep Hd

(sn1os) Hd : zoov3a

8€0-v298160893 $€0-29816093 2£0-v29816083 620-v29816093 920-29816093 0qUINN SV punoauio
00:G1 6002-AON-L1 00:G1 6002-AON-1 00:G1 6002-AON-LL 00:G} 6002-AON-LL 00:G} 6002-AON-LL owi / ojep buydwes jusijo

¢ € € € €
0-0'0-91LSS 9Z 9€LdM | 0-0°0-81SS ®Z SSLdM | 0-0°0-LLSS 9Z OvLdM | °0-0°0-LLSS dZ 08dM '0-0'0-2LSS Az 98dM | ejdwes juaio 08 :xHeN-ans

sjnsay |eanhjeuy

SV 9lz609 - 108[01d
ALlTALd L1INSNOD €3 - juald

vz9816083 ' 19PIO SHOM

Loyl obed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

[1]:14 0ze 06 oLz 006 B/6w ol 9-00-28891 apuoyd
apuoly9 :s0a3
v'e 7'l L9 vl v'e 10 - oney wnisaubepwnidje)
123 6°G S'S [ 8yl % 10 - JuadIad wnipog a|qeabueyoxy
€Ll 9y 98 [Wx4 0°8S 6001 /bow 10 ---- Ayoedey aBueyox3y uones
4 €0 S0 €0 9'8 6001 /baw 10 - wnipog ajqeabueyoxy
€0 90 €0 90 0L 6001 /baw 10 - wnissejod ajqeabueyoxy
0'S 9L (' (1 601 6001 /bsw 10 wnisaubeyy sjqeabueyoxy
8Ll (44 89 6001 /baw wnioje) ajqeabueysxy
suone) s|qeabueysx3y :200a3
v’ _ 6C 9l (0.£01 © paup) uajuoY 3INISION
jJusjuo) aJnjsio| S0V
Lz _ 61 61 0,52 ® AjARONpUO) [B214)03]]
Ajaanpuo) :0L0v3
Wi _ 290 8€°0 olnjey uondiosqy wnipos
(4vS) oney uondiosqy wnipos 900V
69 _ ) VL anjep Hd
(siros) Hd : zoov3a
¥50-v29816093 150-v29816093 9v0-v29816093 £0-v29816093 0v0-29816093 oquInN SV punoauio
00:G} 6002-AON-LL 00:G} 6002-AON-LL 00:G} 6002-AON-LL 00:G} 6002-AON-LL 00:G} 6002-AON-LL owi / ojep buydwes jusijo
€ € €
£0-0'0-70SS L 6ZdM | '0-0°0-S0SS™UZ 0EdM | ¢£'0-0'0-01LSS™ L Z8dM "0-0°0-60SS dZ ¢ZdM | °0-00-SLSS L SLLdM | () sjdwes usio 08 xHeN-ans
sjnsay |eanhjeuy
SV 91¢60d 108f0.1d
dl7ALd 1INSNOD €3 welo
29816093 19pIO YIOM
L1 J0GlL abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

— — i - — % 1’0 ¥-00-09% auazuaqoionjowoig-y
- - rAN) — - % 10 G-92-2€0¢C g@-auanjo]
v'86 % 1'0 | 0-L0-090/L yQ-auely3e0I01Y2Ia-Z’}
sojebouing X319/(AN)HdL :S080d3

A 9-1-G6 aua|Ax-oypo
'L By/Bw G0 | €Cr90) €-8€-80) susjfx-eled 1 -ejow
9L — By/Bw g0 | ¥Lv-00L suszuaqiAyg
- - S'6 - - 63/6w G0 €-88-801 auanjo]
-—-- - L0 —_ — 20 ceEvLL auazuag
X319 :080d3

_ 6 uondeld 63 - 99
suoques0IpAH wnajonad [ejol :080/LL0d3

_ 9-00-/8891 spuoly9
apuolyJ :50a3

— — — Fa ez 1’0 - oney wnisaubep/wnioe)
97 1z % 10 Juadiad wniposg ajqesabueydsxy v
— — — e 8L 6001 /bow 1’0 - Ayoedeg abueyoxz uone) v
— — — 80 0 6001 /baw 1’0 - wnipog a|qeabueyoxy y
90 7’0 6001 /baw Lo | wnissejod a|qeabueyoxa v
— — — vy ¢s 600} /bow 1o | wnisaubel s|qeabueyoxy v
- - - S'G (A4} 6001 /bow 10 - wnia|e) s|qeabueyoxy v
suone9 ajqeabueyosx3y :200d3

_ (0.£01 @ paup) Judju0Y dINISION v
juajuo) ainisIoN :GSOV

— _ — — onjey uondiosqy wnipos
(¥vsS) oney uondiosqy wnipos :900v3

— _ — — wun Hd anjep Hd
(sn1os) Hd : zoov3

650729816093 150729816093 550-7Z9816093 1OQUINN SVO punoauioo

00:G1 6002-AON-ZL

00:G1 6002-AON-Z}L

00:G51 6002-AON-ZL

ayids [o;uo) STV

n.
0-0'0-90SS Az St dA

9'0-¢'0-¥0SS™ | SZdA

awi} / ayep buydwes juaiD

@l sjdwes jusid

T10Ss XueN-gns

sjnsay |eanhjeuy

SV 9lz609 - 108[01d
ALlTALd L1INSNOD €3 - juald

vz9816083 ' 19PIO SHOM

LLJ0Q9l obed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

742 V. -00-09% auazuagoJlonjjowoig-{
LLL 18 G-9¢-.€0¢ gQg-auanjo]
14 08 0-20-090Z1 vQ@-aueyjaololydia-zL
ﬁ_ sajebouins X3.19/(A)HdL :S080d3
€1 8l 0-15-8LLL vip-1Auaydia]-y
eel LC 8-90-6L.1 0Lp-auaseayjuy
SLl 0¢ 8-09-12¢¢ |Auaydiqoion|g-g
ﬁ_ sajebo.ins Hvd :L(NIS)SL0d3
Sk 6l 9-6,-8LL louaydowoiqu1-9'4'Z
el €C 9-€/-1G6€6 ya-louaydouo|yd-g
el i’4 €-88-LCLEL 9p-|ouayd
, sajeboling punodwo dljouayd :S(NIS)SL0d3
oLl 7 ! 188181
| I}s8d snioydsoydouebiQ :1890d3
9cL 7 oL |2€1-5591C 3ag-owo.qig
,_ a)ebo.ing apid1sad aulojyoouebiQ :$890d3
461 mo7 19quinN SYO punodwon

(%) sy A1anooey

710S XujeN-ans

Shl 98 -00-09% auazuagoJlonjjowoig-{
oLl 88 G-9¢-.€02 gQg-auanjo]
0zl 08 0-20-090Z1 vyQ@-aueyjaoloydia-z'L
ﬂ_ sajebosing X319/(A)HdL :S080d3
44" €€ 0-16-8LLL vip-1Auaydia]-y
eel VXA 8-90-6LLL 0Lp-auadelyjuy
9Ll (574 8-09-1¢¢ |Auaydiqoion|g-g
ﬂ_ s9jebouiing Hvd :L(INIS)SL0d3
o4’ oL 9-6,-8LL |louaydowoiqu1-9'y'2
el €C 9-€/-1G6€6 pa-jouaydouiojyo-z
6 oL €-88-2Z1€1 gp-jousyd
, sajebosing punodwo) a1jouayd :S(INIS)sL0d3
oLl 7 oL 188181
9€L oL 7 2-€1-G59lC
ybIH 7 mo7 1BqUINN SYO

(%) sywi A1vn028y

ainoI :xHen-qns

Sywig jolpuo) ajeborins

SOV

9lz609 - 100[01d
alL1ALd LINSNOD €3 - jCE]le}
29816093 * 18pJO YIOM

L1401} - abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

- -

Auedwoy payiwi sisyjoig [jaqdwed v
woo'|eqo|Bsie MMM g7/ EYZE-L-LO+ Xed ZZZL EVTE-L-L9+ 1oL
€50 Blle)SnY Q10 PIOYEIS J08AIS PUBYS ZE
dnosn hiojesoqen sV 9y} jo ued
aueqsuig uoIsinI[ IPjuawuoJINug

‘G201 O3l/0sI NOILLVLIQIHOOV
ypum wocm__a_.coo 10} pP8}IpaIddyY Q3SIND0D3H aTHOM
sojuebiou| 1siway) dluebiou| Jolusg dojsiH usydels ‘sjuswialinbal uoneypaiooe s
Aiobsje) uonejpalooy uojIsod sauojeubls V1VN YIm 8ouepiodoe -
L1 Med Y49 1.Z ul pauioads sainpaooid yyim soueldwod ul Jno paLlied Ul panss| s juswinoop siyL <h<z
usaq sey bBuubis ouosos|g ‘Mojeq psejeolpul  seuojeubls pezuoyine ayy Ag peubis Ajleoluocios[e  useq Sey juswnoop SIyl y 4
W&.:OMQCD\M. Gzg Aiojeloqe psypaIody VIVN

s)nsey [eonhleuy e
SJUBWIWIOY |BIBUBS) @
:uopew.oyul BUIMO||O} 8} SUIBIUOD SIsAjeuy JO 81eduiua) SiyL

"oses|al
J0} panoidde pue peyosyo useaq aAey Modas siyl jo sabed |y papiwgns se (s)oidwes ayy 0} Adde synsey -eoualsel siyl yium (s)podal snoineld Aue ssepasiedns podal syl

0g: pasAjeue ssjdwes jo "ON 60/LY0/N3 - Jequinu 810N
8/ paAleoal sa|dwes Jo "oN
ajIsaUl @ Juswublly ey : RIS
600¢-03Q-0} - sjeq anss| TNHrIS: Jojdwes
6002-AON-GC - paAieoay se|dwes aieq hat Jaquinu 9-0-0
=== Jaguinu 1apiQ
jJuswialinbas 50D STV Pue (£)g 8INpayds 6661 INDAN : 18787 DO 91¢609 - joefoid
81¢/L €¥Ce-L-19+ - o|lwisoe 9/./8€0€€ L0 L9+ - o|lwisoe
Cecl €vee-L-19+ - auoydajo | L€CE 6CLE L0 L9+ - auoydajo |
w09 0JINUSS|eD)dUBgSIIg SOOINIBS : jlew-3 Ne’woo'}NSU0ISaIagIays : jlew-3
Z0LY VITVYLSNY ‘d10 YaavONOOTIOOM
€G0p ellessny Q0 pJoyelS 198is pueys ¢¢ - SsaIppy 13341S HONOYLIVND 0€ : ssaIppy
Jaisiuy wig - JOEJUOD 143943H NHOM LS "I\ - JoElU0D
oueqslig UOISIAI(] |[ejuswWUOIIAUT : Aiojeloge] all ALd 1TINSNOD €3 : Wl
8401 : abeyd 679816093 : 13pJO YIOM

SISATTVNY 40 FLVOIHILd3O

UOISIAI(] [BlUBWIUOIIAUT

SIVINGTS ONILSTL @ ALLSINIHD TVOILATVYNY
dnoJing hiojeloqe sV




Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwiy sieyjolg joqdwe) v

asnoy Ul ‘ANd3IN pue SvY

Burpodal Jo [9A8] 8Y) BAOQE JO Je SUOIO8}ap SlA[eUE [enplAIpUl WOl pandwo s }Nsal SIY] = v
Buniodau jo ywit = YO
'A19100S [e2]WAYD UBDLIBWY U} JO UOISIAIP B S| 99IAI8G SjoeliSqy [edlway) ay| "SadlAIaS sjoelsqy [edlway) Aq paulejuiew aseqejep wodj Jaquinu Ansibas SO = JaquinN SYO : Koy
ualo Ag papiaodd Jou sem uoljewlloul 8yy 00:0 Se pakedsip si swn Buidwes ay) 4| ‘sesodind Buissaoold Joy Aiojeloge| ayy Ag pawinsse usag aABY 89Sy} ‘pajeyoeIq UMOYS aJe (S)awi Jo/pue (s)ayep Usypn
"goualapalul Xuyew Jo (pakojdwa jyblem paonpal) sidwes Jusionsul Jusjuod ainisiow ybiy 0} anp aq Aew siy} “YO PIBPUE]S WO} SIYIP }nsal papodal e Jo YO 8y 18U\
‘sisAjeue Jo} sjdwes juaiynsul Jo/pue uonn|ip ajelsabip/joelxse ajdwes Alewnd 0} anp aq Aew siy} ‘4O 8y ueyy Jaybiy si ynsal (>) ueyy sss| pajodal B a1sypn
‘siseq Jybrom Aip e uo papodal aie synsas ‘pawlopad usaq Sey UoleUILIB)EP 8INiSIOW BIYA

‘Jsenbau jual|o Ag 10 splepue)s pajuswnoop Jo 8duasqe ay) ul pakojdws ale sainpasold padojorsp
‘VHdVY  ‘Vd3sn auy Aq paysiignd asoy} se yons sainpadoid psaziubooas Ajeuoneulsjul paysijgelse woly padojoasp Usaq SABY UOISIAI] [ejuswuolAug 8yp Aq pasn sainpacosd |eonkjleue ayj

SjuBWWOo) [eJoUdD)

SOV

9lz609 - 100[01d
ALTALd L1TINSNOD €3 - jelo
6¥98160d3 - 19pJO YO

8J0¢ : abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

06 020¢€ 06 0 08z Bx/Bw ol 9-00-2889L apuo|y9

apLIoy9 :5¥0a3

L &4 10> €T o'l [ ) 10 - onjey wnisaubepjwnidje)

(44 Vs (4 t44 1’8 % 10 ---- JU9213d winipog djqeabueyosxy

Sl 'Sl ST Sl 274 6001 /bow 10 ---- Ayoedeq aBueyox3y uones

1'0> 2’8 1'0> 10> 7’0 600 L/baw 10 - wnipog a|qeabueyosxy

1’0 90 7’0 1’0 10> 6001 /baw 10 - wnissejod ajqeabueyoxy

70 1’9 90 10 0z 6001 /baw 10 - wnisaubeyy ajqeabueyoxy ,

60 0 vl 6001 /baw wnioje) ajqeabueysxy

suone) s|qeabueysx3y :200a3

9Y _ 6y (44 (0,£01 © paLip) Jusjuo ainisiol v

jJuajuo aIN}SIoN SOV

414 _ ovee 14 9,52 © ANAONpUOY |ed113I9|]

AjiAnonpuo) :0L0v3a

9T’ _ 982 1+ 4 olnjey uondiosqy wnipos

(¥vs) oney uondiosqy wnipos :900v3

zs _ &y z9 anjep Hd

(sn1os) Hd : zoov3a

L00-6¥9816093 900-6¥9816093 500-6v9816093 00-6v9816093 100-6¥9816083 1OqUINN SYO punoauiog

00:G1 6002-AON-81 00:G1 6002-AON-81 00:G1 6002-AON-81 00:G1 6002-AON-81 00:G1 6002-AON-81 awy / ejep buidwes jusijo

€ € € € &

0-00-22SS ©Z vZldM | 0-0'0-92SS ©Z G6LdM | 0-0°0-5ZSS ©Z 28LdM | 0-0'0-¥ZSS 4Z 09LdM | 0-0'0-€ZSS ®Z 0LLdM | g ojdwes jueyn 08 :xHeN-ans

sjnsay |eanhjeuy

S1Vv 9lze09 - 109(01d
ALTALd LINSNOD €3 - juald

69816093 19PIO SHOM

8J0¢ : obed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

08l 09 (1144 ocl o<k B/6w ol 9-00-28891 apuojyo
9puolyd :s¥0a3
€9 6'l 8’91 oY F474 10 ---- oney wnisaubepwnidje)
80 60 90 L'l L % 10 - JU9213d winipog ajqeabueyosxy
98 €l 6°L1 R4 v'oe 6001 /bow 10 - Aypoede) abueyoxg uone)
10> 10> 10> 10> o 6001 /baw 10 ---- wnipog ajqeabueyoxy
0eC €0 60 z0 €0 6001 /bow 10 - wnissejod ajqeabueyoxy
60 €0 60 60 8'G 6001 /bow 10 ---- wnisaubely ajqeabueyoxy
9’6 90 091 G'e 6'€C 600 L/bow 10 - wnioje) ajqeabueyoxy
suone) sjqeabueyosx3y :200a3
[44 L'y 9V (0.£01 @ paup) Judju0Y dINISION v
judjuoy aInjsio :SSO0V3
74} 145 vzl 2,52 @ AjAONpuo) [eoLyo9|g
AjiA3onpuo) :0L0v3a
vl 1570 2oL oney uondiosqy wnipos
(¥vsS) oney uondiosqy wnipos :900v3
98 29 €8 nun Hd anjep Hd
(s1108) Hd : zZoov3
810-6v9816093 S10-6v9816093 £10-6v9816093 110-6v9816093 600-6v9816093 10qUINN SY9 punoauiog
00:Gl 6002-AON-8L 00:Gl 6002-AON-8L 00:G} 600Z-AON-81 00:Gl 6002-AON-8L 00:Gl 600Z-AON-81 awiy / eyep buiidwes Jusij
€ € €
"0-0°0-vE€SS L S6€dM €0-0'0-BEESS "0-0'0-2€SS L 8€€dM €0-0'0 BOESS 0-0°0-82SS ©Z S€2dM | @ ojdwes juayo T10S XeN-ans
sjnsay |eanhjeuy
SV 91¢60d 108f01d
dll Ald LINSNOD €3 jCE]le}
6¥9816093 19pIO YoM
8j0 ¢y : abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

oy ovi 0L oSt 0L B/6w ol 9-00-28891) apuojyo
spuoly9 :50a3
o'l 7'l €9 0C €€ 10 - onjey wnisaubepjwnidje)
% 0ZL L0 L'l €0 % 10 - JuadIad wnipog a|qeabueyoxy
(44 6C LT 09 'y 6001 /bow 10 ---- Ayoedeq aBueyox3y uones
1'0> 0 1°0> 0l 10> 6001 /baw 10 - wnipog ajqeabueyoxy
€0 20 €0 Z0 90 6001 /baw 10 - wnissejod ajqeabueyoxy
60 0l €0 Gl 80 6001 /baw 10 - wnisaubeyy ajqeabueyoxy ,
60 vl A4 6001 /baw wnioje) ajqeabueysxy
suope) ajqeabueysx3y :200ad3
(2 _ 8¢ €e (0.£01 © paup) uajuoY 3INISION
jusjuod ainisioN :GSO0V3I
L _ 19 92 2,62 © AAndONpuo) [es13d9|3
Ajaanpuo) :0L0v3
150 _ 8¢9 L0 olnjey uondiosqy wnipos
(4vS) oiey uondiosqy wnipos :900v3
L's _ 6'S 8'9 anjep Hd
(siros) Hd : zoov3a
££0-6¥9816093 0£0-6¥9816093 L20-6v9816083 ¥20-6v9816093 120-6¥9816093 1OqUINN SYO punoauiog
00:Gl 6002-AON-8L 00:Gl 6002-AON-8L 00:Sl 6002-AON-81 00:Gl 600Z-AON-8L 00:Gl 600Z-AON-8L awiy / ojep buldwes jusld
€ €
€0-0°0-LVSS '0-0'0-L€SS L 09vd) €-0'0-9€SS™ L Sevd) "0-0°0-SESS™ L SivdM €°0-0°0-e¥ESS al ajdwes jusio 710S :XueN-ans
sjnsay |eanhjeuy
SV 9lz609 - 100[01d
ALTALD 1INSNOD €3 © wely
69816093 : 18pIO YoM

8J0¢G : abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

0z 09 0z (114 0S B/6w ol 9-00-/8891 apuolyo
9puolyd :s¥0a3
(4 9'¢ 8L vl 6'C 10 ---- oney wnisaubepwnidje)
10> 10> €c L 170> % 10 === JU9213d winipog ajqeabueyosxy
1'e 8’ (43 0C 62 6001 /baw 10 - Ayoede) abueyoxg uone)
10> 10> 10> 0 1'0> 6001 /baw 1’0 -—— wnipog ajqeabueyoxy
14 S0 1’0 10 Z0 6001 /bow 10 - wnissejod ajqeabueyoxy
90 (A1 0 L0 L0 6001 /bow 10 ---- wnisaubely ajqeabueyoxy
%4 (44 L0 0l 0C 6001 /baw 10 - wnioje) ajqeabueyosxy
suone) sjqeabueyosx3y :200a3
Ll _ L&4 Sl (0.£01 @ paup) Judju0Y dINISION v
judjuoy aInjsio :SSO0V3
Ll _ Lg 6 00,52 @ AjAONpUO) [ea1303|
AjiA3onpuo) :0L0v3a
1€°0 _ 120 SL0 oney uondiosqy wnipos
(¥vsS) oney uondiosqy wnipos :900v3
29 _ 8’9 29 yun Hd anjep Hd
(s1108) Hd : zZoov3
Sv0-6v9816093 £v0-6v9816093 Ly0-6v9816093 6£0-6v9816093 1£0-6v9816093 18quInN Sv9 punoauiog
00:Gl 6002-AON-8L 00:Gl 6002-AON-8L 00:G} 600Z-AON-81 00:Gl 6002-AON-8L 00:Gl 600Z-AON-81 awiy / eyep buiidwes Jusij
€ €
€°0-0'0-9¥SS €°0-0°0-2¥SS '0-0'0-6£SS™ L 00SdM '0-0°0-8€SS | Z6¥dM €°0-0°'0-£¥SS @l ejdwes juain 7108 :XUeN-aNS
sjnsay |eanhjeuy
SV 91¢60d 108f01d
dll Ald LINSNOD €3 jelo
6¥9816093 19pIO YoM
8J09 : abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

0l9 ovl ov 0.5 08 By/Bw o} 9-00-/889L apuo|y9
apuUoy9 5043
60 Vi 10 €0 90 : 1o | oney wnisaubep/wnide) v
92 6¢ClL 2'8C | x4 90 % 10 - JuadIad wnipog a|qeabueyoxy
€6 Gl 6L '6 8T 6001 /bow 10 - Ayoedeq aBueyox3y uones
V&4 €T (A4 9C 10> 6001 /bow 10 - wnipog a|qeabueyosxy
20 €0 10> 1°0> 10 6001 /baw 10 - winissejod a|qeabueyosxy
S'€ VL 0'S (4] €l 6001 /baw 10 - wnisaubepy sjqesabueyoxy
1'e A L0 Ll 80 6001 /bow 10 - wnioje) ajqeabueyoxy
suoije) ajqeabueyosx3y :200a3
09 _ L'L 80} (0.£01 © paup) Judju0Y 3INISION
jJusjuo) aumsiol S0V
08z _ 65 st 2Npuo? (291139913
onpuoy :0Lov3a
WA _ 90°S 059 onjey uondiosqy wnipos
(4vS) oney uondiosqy wnipos :900V3
vl _ L L9 anjep Hd
(siros) Hd : zoov3a
¥50-69816093 £50-679816093 250-6v9816093 6v0-679816093 1v0-6¥9816093 oquInN S punoauio
00:G1 6002-AON-6 00:G1 6002-AON-6 00:G1 6002-AON-61 00:G1 6002-AON-61 00:G1 6002-AON-81 awiy / ejep bulidwes jusijo
€°0-0'0-€SSS €°0-0'0-9SSS }d moling-0SSS €°0-0°0-0SSS €'0-0°0-G¥SS al ejdwes jusin 7108 :XUeN-qns
sjnsay |eanhjeuy
SV 9lz609 - 100[01d
dLT ALd 1INSNOD €3 welo
69816093 - 18PJO MO

8J0/ : abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

091 (1]%4 (1114 0S 0z By/6w ol 9-00-28891 apuoyo
9puolyy :s¥0a3
Sv (44 44 10> z0 1o oney wnisaubep/wnidjed y
2'C 90 rAl 7L 98 % 10 —--- JuadIad wnipog a|qeabueyoxy
v'6C 8L S'LL e 10 6001 /baw 10 - fyoeden abueyox3g uones
90 10> 1’0 0 10> 6001 /baw 10 ---- wnipog ajqeabueyoxy
80 70 60 1'0> 10> 6001 /baw 10 ---- winissejod a|qeabueyosxy
0 vl [43 LT 90 6001 /baw 10 - wnisaubepy sjqesabueyoxy
6°¢C 6'G (4 10> 10> 6001 /bow 10 - wnioje) ajqeabueyoxy
suone) ajqeabueysx3y 20003
6'8 _ 9'l _ S'S _ ’ : (0.£01 © paup) Judju0Y 3INISION
jusjuod ainisio :GSO0V3
(172} _ 1] _ 86 _ 9,52 ©® ANAONpUOY |ed13I9|]
Ajianonpuo) :0L0v3a
8G°¢ _ PA 4] _ 6L°1 _ . g . onjey uondiosqy wnipos
diosqy wnipos :900v3
18 _ oL _ 09 _ : : anjep Hd
(siros) Hd : zoov3a
$90-6v9816093 £90-6v9816093 090-6v9816093 850-6v9816093 150-6v9816093 10qUNN SY9 punoawio
00:Gl 600Z-AON-61 00:Gl 600Z-AON-61 00:Sl 600Z-AON-61 00:Gl 600Z-AON-61 00:Gl 600Z-AON-61 awiy / ojep buldwes juslo
€°0-0°'0-6¥SS €°0-0°0-8¥SS €°0-0°'0-9SSS €°0-0°'0-1SSS €'0-0°0-2¢SSS al ejdwes jusin 7108 :XUeN-qns
sjnsay |eanhjeuy
SV 9lz609 - 100[01d
ALTALd L1TINSNOD €3 - jCE]le}
6+9816093 * 18pJO YIOM

8408 : abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

10} panoidde pue peyosayo usaq aney Modas siyy jo sabed

8l -
(4

0102-AVIN-GC -
0102-AVIN-0L -

Juswaunbal €500 STV Pue ()8 2INPayds 6661 INDAN :

81CL €VCE-L-19+ -
CCCL €VTe-L-19+ -
W00 0JIAUSS|E@BUB]SIIG SOOIAISS :

€507 ellesisny 010 pJoyels jeals pueys zg -
|[obo Balo) :
aueqslig UOISIAIQ [BJUSWIUOIIAUT :

LLjoL:

1\

sjwi [ouo) sjebouns e
s)nsey [eonhleuy e
SjUBWWOY) [eJoUSD) @

:uopew.oyul BUIMO||O} 8} SUIBIUOD SIsAjeuy JO 81eduiua) SiyL

‘oses|al

‘papiwgns se (s)oidwes ayy 0} Aldde synsey -eousassiel siyl yum (s)uodas snoinesd Aue sepasisadns lodas siyl

pasAjeue sajdwes jo ‘ON
paAleoal sa|dwes Jo "oN

sjeq anss|
paAeoay sa|dwes ayeq

19A37 D0

9|lwisoe

auoydsja|
llew-3

ssalppy
joejuo)
Aiojeloger]

abed

O0L/LYO/NZT - Jaquinu 810nD
eiQ ey - alg
J0J0BH'Y - Js|dweg
= Jaquinu D-0-0
- Jaquinu JapiQ
eiO B L1 9lee0g - 100(oid
9//8¢€0€€ /0 19+ a|iwisoe
G//8€0¢€ L0 L9+ : suoydaja|
W09 |IeW}Oy@UJONIBIA : jlew-3

Z0LY VITVYELSNY ‘d10 YaavONOOTIOOM
13341S HONOYLIVND 0€ : $saIppyY
SS34dav s11Ns3y - JoElU0D
aL1 Ald LTINSNOD €3 - welo
8028001493 18p10 YoM

SISATTVNY 40 FLVOIHILd3O

UOISIAI(] [BlUBWIUOIIAUT

SIVINGTS ONILSTL @ ALLSINIHD TVOILATVYNY
dnoJing hiojeloqe sV




Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwoy payiwi sisyjoig [jaqdwed v
wod'|eqo|BSie MMM g7/ SYZE-L-LO+ Xed ZZZL EVZE-L-L9+ 1oL
€50 BlleisnyY Q10 PIOYEIS J08AIS PUBYS ZE
dnosn hiojesoqen sV 9y} jo ued
aueqsuig uoIsinI[ IPjuawuoJINug

sojuebliQ

s|log sjeyding pioy sug
sojuebiQ

AV - S[eJaUIN piojels
sojuebiou|

af)seomaN

sojueblou|

sojuebiou|

sojuebliQ

Ai0bsje) uoneypalody

useq sey bBuubis oluoN08|g ‘MOjeq  psjedlpul

1siway) ouebip yuomysy yeles

Josialadng s|I0S 9)e)nS ploy Me selAn
1siway SIND1 uaAnbN eue

Jsiway) olueblou) Jojuag aqeDoN Wiy
}siway) olueblou) Joluag aqeDON Wiy
Josinladng Aiojeloge] aue|g auuelq
jsidoosoljoadg 0BJI82U0) dUI[d)

isiway ojuebiou 1YSor MUy

Jsiway) oiueblio 1SSOY X3y

uojjsod seuojeubls

‘L1 Yed ¥4 Lz ul payoads sainpadold yym aoueldwod ul jno palled
seuojeubis peazuoyine oy} Aq paubis Ajeoluosjosi@ useq SEY JUBWNOOpP SIYL
saLojeubis

'§e0.L D3I/osI NOLLV.LIQIHOOV
Ynm 8oueldwon Joj paypaIy Q3SINDOO3H aTHOM

‘sjuswalinbas uoneypalode
V.LVYN Uim 8ouepioooe

ul panssi SI Juswnoop Sy <h<z

Gzg AlojelogeT] payipaiody V1VN



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwiy sieyjolg joqdwe) v

asnoy Ul ‘ANd3IN pue SvY

*AiBuipiodoe pajsnlpe usag aAey sanjeA YO pue N sajeboung ‘saouaiayidjul Xijew o3 anp sisAjeue o} Joud uonn|ip paiinbai 99 sjdwes :SHYd @

Buipodal Jo [9A3] 8Y) SAOJE IO Je SU0[}0a}ap S}AJeue [ENPIAIPUI WO pajndwod S| }Nsal SIy] = v
Buniodau jo ywi = YO
*A}8100S [E2IWBYD UBDLBWY BU} JO UOISIAIP B S| 99IAI9S S0BJISAY [edlway) ay] "SadIAIaS SJOeIISqy [Bdlway) Aq paulejuiew aseqejep woly Jaquinu Ansibal Sy = JaquinN SYO N

‘Jualo Aq papiaoid Jou sem uoleWIOUI BY} 00:0 Se pake|dsip si swiy Buldwes sy j| “sesodind Buisseoold 1oj A10jeioqe| 8y} AQ pawINSSE Usaq dABY 9S8y} ‘PajedorIq UMOYS a1 (S)awl) Jo/pue (S)ajep usypn
"gouBIBpBIUl XI1jew Jo (pakojdws JybBiem psonpai) sjdwes Jusioynsul ‘Juajuod ainjsiow ybiy o} anp aq Aew siy} ‘YO pJepuess wolj sisyip ynsal papodal e Jo YO 8yl SI8Up

‘sisAjeue Joy a|dwies juaiynsul Jo/pue uonn|ip axeysabipoesxe ajdwes Atewd o} snp aq Aew SIy} “HOT 9y} uey} 1aybly si ynsal (>) uey) ssa| papodal e I8y

‘siseq Jybrom Aip e uo papodal aie synsas ‘pawlopad usaq Sey UoleUILIB)EP 8INISIOW BIYA

‘Jsenbau jual|o Ag 10 splepue)s pajuswnoop Jo 8duasqe ay) ul pakojdws ale sainpasold padojorsp
‘VHdVY ‘Vd3sn auy Aq paysiignd asoy} se yons sainpadsoid psaziubooas Ajjeuoneulsjul paysijgelse woly padojoasp Usaq SABY UOISIAI] [ejuswuoliAug 8yp Aq pasn sainpacosd |eonkleue ayj

SjuBWWOo) [eJoUdD)

SOV

eiO e 11912609 - 109(oud
al1Ald LINSNOD €3 * juelo
80zg00lg3 - J9pIO NIOM

lLjog : abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

£0°0 €00 920 010 £2°0 % 10'0 (0937) s se fejo - anyns |
0931 Aq iny|ns [ejo] :1zZ¥0a3
1> % L (wog<) sajqqon
8z % L (wwz<) joAeIn
v % L (ww 00°2-90°0) pues
ov % L (wr 09-2) MIS
8l — — — — % L - (wr 25) Ae1n
92|g 9|91Med UO Paseq UoReoyISSe|) [10S 061V
0 z 0 0 0 nun zzi4 0 Buney 2z14
10 (¥4 S0 80 S0 €008 % 1o | €0J8) SE IONV v
}/'Ainba
L [ R74 3% VL 9y $OSZH B S0 YOSZH Sse ONV
Ayoedeg BuisijennaN ploy :€L0V3
€z 10> ol 10> voL Y¥OSZH B o | (0°2 Hd) OYN
10> 10> €z 10> 10> Y¥OSZH B Lo | (v Hd) OYN
9'g 9'g re 9 0's nun Hd Vo | (x0) Hd
uopelauan pIdy 3oN 110V
g0> 9'€e- 0 Y¥OSZH B [ERU3)Od UOBINPOId POV 39N v
[eRU3}0d UOINPOId PIOY HSN 600V
> % L wwo'g/+
> % L wwg e+
1> % L wwoeL+
L ———- - - - % l - wwiG 6+
4 — - - - % 1 === wwg/ y+
12 - - - - % l === wwog g+
€ — - - - % L - wrlogy L+
€€ - % L wrigo9+
ve — — — — % L - wrigzy+
ve — — — — % L - wrlgog+
oe % L wrog L+
ov — — — — % L - wrlg/+
Buizis ajonJed :051V3
500-802800483 00-802800483 £00-8028001.83 200-802800493 100-8028001.893 win 18quInN Sv9 punoawiog
00:S1 0L0Z-AVIN-90 00:S1 010Z-AVIN-90 00:G1 0L0Z-AVIN-90 00:G1 0402-AVIN-90 00:G1 0L0Z-AVIN-90 awi / ojep Buidwes jusi)
a
ULSL-8EUVM uspINGI3AQS L-8EYVM NasL-rravm g51-8CUVM 1as-FravM @l ejdwes jueiD T10S :XieN-ans
sjnsay |eanhjeuy
s1v eIO B L1 912609 108f01d
ALl Ald LINSNOD €3 D
802800463 : 18pIO YoM

LLjoy : abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

010-80zg00L93

600-802800193

800-802800193

£00-802800193

900-802800193

Hun

JoquInN SYO

100> 800 500 Zvo % o | (0931) S se [ejoL - anyng
0931 Aq iny|ng [ejo] :1zZ¥0a3
1> % L (wog<) se1qqoD
1> % L (wwiz<) joAeID
vL % L (ww 00'2-90°0) pues
zl % L (wrl 09-2) WS
vL % L (wri g>) kg1
az|g 3|91ed UO paseq uoesyIsse|) 10S 051V
0 0 0 0 nun zz4 0 Buney zzi4
¥'0 90 z0 90 €000 % 1’0 €008) SE DNV v
}'Anba
I'e 9'g £z v's YOSZH B go |- YOSZH Se INV
Ayoede) BuisijennaN pioy :€10v3
20 gL Le zL YyOSTH B3 o | (02 Hd) OYN
10> 10> 10> 10> YyOSZTH B3 o | (s'y Hd) OYN
€9 6'S 9y 99 nun Hd o | (x0) Hd
uopeIausn pIdY 39N |10V
I'e- 0e- VPOSZH B3 [EI}UB)Od UOIONPOId PIOY 19N v
[eRuajod uoldNPoId PIOY HSN 600V
1> % L wwo'g)+
> % L wwg e+
1> % L wwo'gL+
- 1> ---- -—- - % L - wwg 6+
> % L wwg p+
> % L wwge z+
z % L wrlog) L+
— 6 — — - % L - wrlp09+
— 9l — — - % L - wrigzy+
— 9z — — - % L - wrlgog+
0 - % L wrlogL+
— V2 — — —— % L - wrigz+
Buizis sjonJed :051v3

punoawon

00:G1 0102-AVIN-90

00:G1 0102-AVIN-90

00:G1 01L02-AVIN-90

00:G1 0102-AVIN-90

00:G1 0102-AVIN-90

uspJnquajul

uapJnquajul

awi} / ayep buydwes juaiD

1asL-vr VM 110S GL-by UVM nazi-zy Yvm uspanquaul 1@ na ai ejdwes jusyo 110S XUEN-GNS
sjnsay |eanhjeuy

S1Vv elo ey LI 9lzeog - 108f01d
ALTALd LINSNOD €3 - juald

802800193 - 19pJO YO

LLJog: abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

(0937) s se [ejoL - unying

§10-802800L93

¥10-802800193

€10-802800L93

¢10-8028001L93

110-8028001L93

Hun

1oquInN SYO

80°0 100> 100> % 100 |
0931 Aq unyng |ejol :12v0a3
1> > 1> 1> % } (wog<) sa1qqod
- 1> 144 9¢€ 1 % l -==- (wwig<) |9AeID
1S 44 8¢ 85 % L (ww 00°2-90°0) pues
14 x4 Sl 8 % L (wrl 09-2) WS
8l L L €€ % L (wr z5) Ae1D
921G 9|21}ied UO Paseq uolesyIsse|) [10S 1051V
0 0 - 0 nun zzi4 0 Buney zz14
€0 €0 €0 €008D % o | €0DED SE ONV v
}'Anba
e 8T (X3 ¥OSCTH B G0 | ¥OSTH Sse ONV
Ayioede buisijessnaN p1oy :€L0v3
80 90 52 WWOSZTHB | L0 | (0°2 Hd) OWN
10> 10> - 10> Y¥OSZH B3 [T (5’7 Hd) VN
zo 9 LS wun Hd o (x0) Hd
uoljeiauag pIoy 19N :L L0V
10 8z YYOSZH b lenuajod uondNpoid PI9Y 39N v
[e13uajod uononpoid POy BeN 600V
- 1> 1> 1> 1> % l - wwo'GL+
- 1> 1> 1> 1> % l - wuwg e+
- 1> 1> 1> > % 1 i wwo'elL+
1> 14 9 1> % L wwg 6+
}> 12z (44 1> % } wwg L v+
L> 144 9 3 % L wwogg'z+
1> 6V (44 S % } wriggL L+
14 0 144 €l % } wrigo9+
L 1S 14 6l % } wrigzy+
€l 44 Ly 8z % } wrigog+
1€ 85 1S 144 % l wrlogL+
4] ¥9 0L 9 % } wrig+
buizig ajo13ied :051v3

punoawon

00:G1 0102-AVIN-90

00:G1 0102-AVIN-90

00:G1 01L02-AVIN-90

00:G1 0102-AVIN-90

00:G1 0102-AVIN-90

awi} / ayep buydwes juaiD

uapanqJajul
Nasi-vy Yvm 10S €1-2v VM Y1El-8Y UVM 1108 G1-8€ HVM U1SI-by UVM a1 sidwes sy 10S :XuleN-ang
sjnsay |eanhjeuy
SV eloen L} 9leeod - 108f01d
alL1ALd LINSNOD €3 - jCE]le}
802800193 - 18pJO YIOM

L1J09 : abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

0L> By/6r ol 8-98-616 1Aylow-g-uojewaqg
oL> By/6r ol 0-€1-86GS 1Ayyaw-soyuhdiolyo
oL> By/6r ol 2-88-1262 sojuhdiolyo
oL> By/6r ol 8-06-0L¥ (2) soyduiauapiolyo
00L> Byy/6r 00l | 9-06-0L% (3) soyduiauapiolyy
oL> Byy/6r ol 9-61-98. uolyjouaydoq.ed
oL> By/6r oL 9-8/-¥28¥y 1Aye-soydowoug

(9oe43-B43|N) SApIdIIsad snioydsoydouebiQ :voELd3

- 0062€ Byy/6w 05 - (wns) uooeiy 93 - 010 v
- ov.L Bx/Bw 0oL | uonodely g€ - 620
- 0061€ Bx/Bw 0oL | uonoely 820 - 51D
- ove Bx/Bw 0 uondely ¥12 - 01D
- oL> Bsy/Bw o] uondeld 62 - 99

SU0Que20IpAH Wnajonad [e3o] :1..0/080d3

- 8> By1/6w S0 ¢ve-l6l auajfiad(rry'b)ozuag
gL> By/B6w S0 €-0,-€S auaoeiyjue(y-e)zuaqiq
gL By/6w S0 G-6€-€61 auaihd(pag'z'})ouspu|
- 8> Bsy/Bw G0 | 8TE0S auaihd(e)ozuag

81> By/Bw S0 6-80-L0C ausyjuesony(y)ozuag
- 8'l> By/Bw G0 | C66-G0C auayjueion|y(q)ozuag
8l> By/Buw G0 |6108LC auasfiyo
8'l> By/Bw G0 | €6595 auadeiyjue(e)zuag

— €€ By/Bw g0 | 0-00-6CZ} auaihd
— — — — g'L> 6y/6w G0 0-¥¥-902 auayjueson|4
— — — — g'l> 63/6w G0 1-21-0C1 auadelyjuy
— j— —— —— ges 63/6w G0 8-10-G8 aualyjueuayd
— j— —— —— 8 L> 63/6w G0 1-€/-98 auaion|4
- 8'l> By/Buw G0 | 6Ce€8 auayjydeussy
8'L> Bxy/6w S0 8-96-80C susjAyjydeussy
- — —— - g L> B/6w S0 €-02-16 ausjeyyydenN

suoqJed04pAH dnjewoly Jeajdonuijod :g(INIS)s20d3
500> By/bw go0 | 6¥EzTh aujzewig

- S0°0> 6-¥2-Cl6l auizeny

saulzel] :2890d3

_ > z-88-0vbL aussly

S3V-dOI Aq sjels|y |ejol : 150093

_ Ve (0.£01 @ paup) Judju0Y dINISION v

jusjuo ainjsioN 1650V

810-802800183 £10-802800L83 910-802800183 18qUINN S¥O punoaiog

00:S) 0L0Z-AVIN-90 00:GL 01L0Z-AVIN-90 00:G1 010Z-AVIN-90 owiy / e3ep buydwes jusiio

- --=- 23] 10 90 @l ejdwes juain T10Ss XueN-gns
sjnsay |eanhjeuy
SV eio el L1 9lece0d 108f01d
allAld LINSNOD €3 IUElfe)
80¢800193 19pI0 YoM
LLjo /L : abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

— — — 5Z0> — Bx/6r szo | (wns) suepio|yg |ejoy v
5Z'0> B/6r GZ0 | TPL€0LS auepiojyo-sues)
5z0> B/6r GZ0 |6°LL°€0LG auepiojyo-sid
050> Bx/6ri 0s0 | GeEvelL Jojyvhxoysay
5z'0> B/6r GZ0 | 66885 OHg-ewweb
050> Bx/6r 050 | b¥L8LL (g9H) auazuaqoio|ysexaH
050> By/6n 050 | €25¥20L apixoda sojysejdaH
— 050> — By/6n 050 | 8¥r9L JojyoejdaH
050> By/6r 050 | §0.-v6¥ES 2u0}9) uupuz
050> B/6r 050 | V€6-levL apAyap|e uupu3z
050> B/6r 050 |80z2L uupuz
050> B/6r 060 | .°62-GLL (wns) ueynsopugz
050> B/6r 060 | 8L0-L€0lt ajey|ns ueynsopug
050> Bx/6r 050 | 6-69-€legee uejinsopu3-ejaq
050> Bx/6ri 050 | 8867656 ueynsopuz-eydje
— 050> — By/6r 050 | 172609 uupjalq
050> By/6r oso | (1eyo3) Laa v
050> B/6r 060 | €62-05 1aa- v
050> B/6r 060 |6692L aaa-vv
o — — 050> — By/6r 050 8-¥5-¢L aaa-vv
- 050> — Bx/6r 050 |8986lE OHg-elep
050> By/6r 050 |.-68-6l€ OHg-e19q
050> B/6r 050 | 9¥86lE OHg-eydje
— — ——- 050> - 6x/61 050 2-00-60€ uuply

S9pIdI}sad aulIo —._OO:NULO Yicid3
o> B/6r oL v-9v-e¥9ve sojolyjoid
o> B/6r oL L-1%-G0S€T 1Aye-soydwiiig
i o> — Bx/6r oL 0-00-862 1Ayjaw-uolyjesed
o> By/6r oL 2-8€-95 uolyjesed
oL> B>y/6n oL ¥-22-€269 soydojoidouopy
o> B/6r oL 0-05-98 1Ayro N soyduizy
oL> B/6r oL G-G/-Lzl uolyjelen
— o> — B/6r oL 6-8€-GS uolyjuay
o> B/6r oL 9-26-¥22ee soydiweuay
o> B/6r ol 2-21-€95 uolyig
o> By/6n ol S-16-09 ajeoyjawiq
oL> By/6r oL 1-€1-29 soAo|ya1q
oL> By/6r oL GLy-€ee uouizeiq

panunuo) - (aseu}-ea}|n) sapidiysad snioydsoydouebiQ :vo€Ld3

- = 810-802800L93 L10-802800193 910-80C800L93 nn JequinN SYO punoawo)
00:G1 0L0Z-AVIN-90 00:G} 0L0Z-AVIN-90 00:G} 0L0Z-AVIN-90 auwy / ejep bujdwies jusio
- - 82 L 90 al ejdwes jusiin q10S :XUeN-anS
sjnsay |eanhjeuy
S1Vv eIO B L1 912609 Jsloig
dl1Ald LINSNOD €3 - el
802800493 18pIO MM

l1J0g : abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

9jebo.uing apIdiqia pIoy d139deAxouayd :Sz0zd3l
¢-€1-6591¢C

3ag-owo.qiq
ajebo.ing apionsad D0 :SLELdI

9jebo.ing apionsad snioydsoydouebiQ :S0€Ld3

—_— J— — [— 818 % 1’0 -00-09% auazuaqouonjjowouig-y
——- -— - ——— '88 % 1’0 G-9¢-2€0¢C g8Qg-auanjo)
- oLL % 1’0 0-20-090.} vQ@-aueyjaoloydiqg-z’L

sajebouing x319/(A)HdL :S080d3

i - — — paulwialaq JIoN % 1’0 0-16-8LL1L yi1p-1Auaydia -
e e — — paulwialaq JoN % 10 8-90-61L.1 0lp-auddeiyjuy
e —- — — paulwadleq JoN % 1’0 8-09-1¢¢ 1Auaydiqouoni|d-g

sajebo.iing Hvd :L(NIS)SL0d3

— — J— ——- paulwialeq JIoN % 10 9-6/-8L1 Jlouaydowoiqu1-9'4'Z
i — — — paulwialaq JIoN % 1’0 9-€/-156€6 va-jousydosojyo-z
e - — — paulwialaq JoN % 10 €-88-LCLEL 9p-jouayd

sajebo.ing punodwo) dljouayd :S(WIS)SL0d3

129
ajebo.ing apionsad snioydsoydouebiQ :1890d3
0'€6 ¢-€.-G591¢C 3ag-owo.qig
ajebo.ing apio13sad auliojyosouebio :S890d3
200> By/6w 200 | 2-18-1/€69 1AdAxoun|4
200> By/6w 200 | 9°/1-20L1L piesAdo|n
— —- 200> —— - 63/6w 200 1-20-8161 weulojoid
—- —— 200> — ———- 63/6w 200 G-18-v¥6 g9dOIN
— —— 200> - - By/6w 200 | S9.¢€6 1Sv'e
200> Bx/6w 200 | bTl€6 (xaAnS) d1-6'v'2
200> —— By/6w 200 €-90-GE€SS JAdojory
— — 200> J— - 63/6w 200 1-G/-¥6 ave
200> — Byy/6w 200 §-9¢-0Ct da-¥'e
— 200> B31/6w 200 9v.-v6 VdON
— —- 200> —— - 63/6w 200 2-G9-€6 doidooapy
200> — Byy/6w 200 6-00-8161 equeiq
— —- 200> ——— —— 63/6w 200 9-¢8-¥6 aa-v'c
—- 200> 200 €-88-221 p1oe a1399e Axouaydoio|yo-

810-802800L93

L10-80¢800L83

910-802800193

SINO1 Aq sapidiquaH pidy d13eoeAxouayd :vzozd3
8-€l-¥0€.LC auep.o|ysAxQ
oouebliQ :VLELd3

punoawon

panuiuod - SapIdIISad du
18qUINN SYO

00:G1 0L0Z-AVIA

90

00:G1 0L0C-AVIAI

90

00:G1 01L02-AVIN-90

oawliy / ajep buydwes juaiiD

- - 80 L0 90 ai edwes jusii 1108 :XUeN-gns
sjnsay |eanhjeuy

SV elo e L1 9leeog 108f01d
al1ALd LINSNOD €3 - elo

802800193 19pIO YoM

11 JO6 : abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

8°€8

810-802800193

L10-802800193

910-802800193

% 10 6-82-61.61 pI9y 21399y |Auaydoio|yaig-y'z

panuiuoy - a)ebo.Ing apIdIqIaH PIdY d1ddeAxouayd :S202d3

nin yOT | 48qWnN SvO punoawon

00:G1 01L02-AVIN-90

00:G1 0102-AVIAN-90

00:G1 01L02-AVIN-90

oawliy / ajep buydwes juaiiD

- - 80 L0 90 ai edwes jusii q10S :XUeN-anS
sjnsay |eanhjeuy

SV eiO el L1 912609 Yoloid
ALTALd LTINSNOD €3 - jCE]le}

802800463 18PIO YoM

LLjoQl : abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

ol 7 0L 7 6-82-61.61 P19y 21399y |Auaydoiolyodia-y'Z
ﬁ_ 2)eboiing apIdi1giaH pIdY d1399eAX0ouUdyd :SZ0Zd3
9cL 7 oL |2€1-55912 3ag-owo.qig
ﬁ_ ajebo.ng apronsad 90 :SLElda

69l 7 €18 188181
, 9jeboling apiodnsad snioydsoydouebiQ :S0€Lda
742 V. -00-09% auazuaqoJlonjjowoig-y
LLL 18 G-9¢-.€02 gQg-auanjo]
¥4% 08 0-20-090Z1 vyQ@-aueyjaoloydia-z'L
ﬁ_ sajebouins X3.19/(A)HdL :S080d3
€L 8l 0-16-8LLL vip-1Auaydia]-y
eel VXA 8-90-6LLL 0Lp-3uddelyuy
Sl 0¢ 8-09-1¢¢ |Auaydiqoion|g-g
ﬁ_ sajebo.ins Hvd :L(NIS)SL0d3
SLL 6l 9-6,-8LL louaydowoiqu1-9'4'Z
velL €C 9-€/-1G6€6 pa-jouaydouiojyo-z
€Ll 144 €-88-2Z1€1 gp-jousyd
, sajebosing punodwo) a1joudyd :S(INIS)sL0d3

%L 7 oL 188181
ajebo.iins apionsad snioydsoydouebiQ :1890d3
9cL 7 oL |2€1-55912 3ag-owo.qig
, 9)ebo.iing apidnsad aulojyosouebiQ :$890d3

ybIH 7 mo7 1BqunN SYO

(%) sywi A1vn028y

710S xujeN-ans

Sywig jolpuo) ajeborins

SOV

eiO e 11912609 - 109(oud
adl1Ald LINSNOO €3 - uslo
80zgo0lg3 - 19pIO NIOM

LLjo Ll abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

e
Auedwoy payiwi sisyjoig [jaqdwed v
wo'|eqo|Bsie MMM g7/ SYZE-L-LO+ Xed ZZZL EVZE-L-L9+ IOL
€50 BlleisnyY Q10 PIOYEIS J08AIS PUBYS ZE
dnosn hiojesoqen sV 9y} jo ued
aueqsuig uoIsinI[ IPjuawuoJINug

‘G201 O3l/0sI NOILLVLIQIHOOV
yum ®OCN__QEOO 10} p8}IpalIddy Q3SIND0D3H aTHOM
sojuebiou| 1siway) dluebiou| Jolusg 8gEeDON Wiy ‘sjuswialinbal uoneypaiooe : O\
Aiobsje) uonejpalooy uojsod sauojeubls V1VN YIM 8ouepiodoe - §
L1 Med Y49 1.Z ul pauioads sainpaocoid yyim soueldwod Ul Jno paLlied Ul panss| s juswinoop siyL <h<z
usaq sey bBuubis ouosos|g ‘Mojeq psejeolpul  seuojeubls pezuoyine ayy Ag peubis Ajleoluocios[e  useq Sey juswnoop SIyl R y 4
W&.:ONQCD\M. Gzg Aiojeloqe psypaIody VIVN

synsay [eonhleuy e
SJUsSWWO) [elouss) e
:uolewJoul BuIMoj|o} 8y} Suleluod siskjeuy Jo 81eolila) siyL
"oses|al
Jo} panoidde pue peyosyo useq aAey Modas siyl jo sabed |y -papiwgns se (s)oidwes ayy 0} Adde synsey -eoualsel siyl yium (s)podel snoineld Aue ssepasiedns podal syl

8! pasAjeue ssjdwes jo "ON 0L/LY0/NT - Jequinu 810N
[ paAleoal sa|dwes Jo "oON
HV.LVHVM - Qs
0L0Z-NNr-Li - ajeq anss| HY - Jojdwes
0L0Z-NNr-+¥0 - panleoay sajdwes sjeq hat Jeqwinu 3-0-0
=== Jaguinu JapiQ
juswialinbas 50D STV Pue (£)g 8INpayds 6661 INDAN : [9A87 QO HVLVHVM L1 912609 - joeloid
8lc.L evee-1-19+ - ollwisoe 9/./8€0€€ L0 L9+ - ollwisoe
2CCL evTe L L9+ - auoydajo | L€CE 6CLE L0 LI+ - auoydaje |
w09 0JINUSS|eD)BUBgSIIg SAOINIBS : Jlew-3 Ne’woo'}NSU0ISaIagIays : jlew-3
20LY VITVHLSNY ‘d10 vaavONOOTIOOM
€G0Y elensny 1O PIOYelS 198.1S pueys g - ssalppy 13341S HONOYLTVND 0€ - ssalppy
[eboA Bauo : JOEJUOD 143943H NHOM' LS "IN - JoBju0)
oueqslig UOISIAI(] |[ejuswWUOIIAUT : Aiojeloge] all ALd 1TINSNOD €3 : Wl
vio: abeyd 268600193 13pJO YIOM

SISATTVNY 40 FLVOIHILd3O

UOISIAI(] [BlUBWIUOIIAUT

SIVINGTS ONILSTL @ ALLSINIHD TVOILATVYNY
dnoJing hiojeloqe sV




Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwiy sieyjolg joqdwe) v

asnoy Ul ‘ANd3IN pue SvY

Buipodal Jo [9A3] 8Y) SAOJE IO Je SU0[}0a}ap S}AJeue [ENPIAIPUI WO pajndwod S| }Nsal SIy] = v
Buniodau jo ywi = YO
*A}8100S [E2IWBYD UBDLBWY BU} JO UOISIAIP B S| 991AI9S S0BJISAY [edlway) ay] "SadIAIaS SJOeIISqy [Edlway) Aq paulejuiew aseqejep woly Jaquinu Ansibal Sy = JaquinN SYO N

‘Jualo Aq papiaoid Jou sem uolewIoUl BY} 00:0 Se pake|dsip si swiy Buldwes sy j| “sesodind Buisseoold 10j A1ojeioge| sy} Ag pawNsSse usaq dABY 9S8y} ‘PajedorIq UMOYS a1 (S)awl) Jo/pue (S)ajep usypn
"gouBIBpBIUl X1jew Jo (pakojdws 1yBiem psonpai) sjdwes Jusionsul ‘Juajuod ainjsiow ybiy o} anp aq Aew siy} ‘YO pJepuess wolj sisyip ynsal papodal e Jo YO 8yl S18Up

‘sisAjeue Joy a|dwes jusaiynsul Jo/pue uonn|ip axeysabipoesxe ajdwes Atewd o} snp aq Aew SIy} “HOT 9y} uey} Jaybly si ynsal (>) uey) ssa| papodal e aI1ayp

‘siseq Jybrom Aip e uo papodal aie synsas ‘pawlopad usaq Sey UoleUILIB)EP 8INISIOW BIYAN

‘Jsenbau jual|o Ag 10 splepue)s pajuswnoop Jo 8duasqe ay) ul pakojdws ale sainpasold padojorsp
‘VHdVY  ‘Vd3sn auy Aq paysiignd asoy} se yons sainpadoid peziubooas Ajjeuoneulsjul paysigelse woly padojoasp Usaq SABY UOISIAI] [ejuswuoiAug 8yp Aq pasn sainpacosd |eonkleue ayj

SjuBWWOo) [eJoUdD)

SOV

HVLVHVM L1 912609 - 1oelold
al1Ald LINSNOD €3 * juelo
z68600L93 - J9pIO NIOM

vi0¢ : abed



Appendix 6 - Soils and Geology

Volume 5 - Appendices

Auedwo) pajwi sieyjolg [oqdwe) v

$00-268600L93

¥00-268600193

€00-268600L93

€00-¢68600193

100-268600L93

19quInN SYO

Han =(ox]

1'0> 1’0 1’0 20 20 Byy/6w 10 9-/6-6€V. [NGEYETT]
SINId Ag AIndJay 9|qeIaA0D3Y ejo) :16€0D3

6 16 €l €l 1€ 63/6w o] 9-99-0tv. ouiz
8 8z S 6 9 63/6w z 0-20-0tv. 1942IN
9 (44 9 L 0z Bsy/6w S L-¢6-6€v.L peaT
(1] (44 8 6 Ll By1/6w [] 8-06-0v¥. 1addop
414 14 8. Lz > By1/6w z €-Ly-0vvL wniwoiyd
1> 1> 1> 1> 1> 6y/6w L 6-€-0vv. wniwpeo
G> 0L G> [ G> 6y/6w S 2-8€-0tvL ojuasly

S3V-dOI Aq sjela|y [ejol 1150093
punoawon

00:G1 0L02-NNr-s0

00:G1 0L02-NNr-s0

00:G1 0L0¢-NNr-s0

00:G1 0L02-NNr-s0

00:G1 0L02-NNr-so

awly / ajep buydwes juaiiD

uapJinquajul uapJingaajul q
0S¥y dvm nazi-cy Avm uspinqaejul 1q U1GL-8CUVM U3pINQIdAQSL-8EUVM | @ gjdwes jusiip d1nd :xuen-gns
sjnsay |eanhjeuy

SV HYLVYVM LI 912609 - jo8loid
allAld LINSNOO €3 - juald

2686004193 - J8pIO NIOM

vio¢g : abed



Galilee Coal Project - Environmental Impact Statement - August 2011

WARATAH COAL

Auedwo) pajwi sieyjolg [oqdwe) v

800-2¢68600L93

£00-2686001L93

900-268600193

— - z0 10> 10> B/6w 10 9-/6-6€V.L Kinosapy

SINI4 Aq AindJa|y 9|qelanoday [ejol :15€093
— — 0S 9 9l 63/6w o] 9-99-0v¥. ouiz
— — i S 9l B3/6w z 0-20-0t¥.L 1942IN
— — 8l [ e B31/6w S 1-26-6€V.L pea
— - 0z G> zl 6/6w S 8-05-0v¥. Jaddog
— — 0S F44 8Ll 63/6w z €-Ly-0vv.L wnjwoiyd
- - > 1> z B3y/6w L 6-€-0vv.L wnjwpey
— — 6 G> 9 By/6w S C-8€-0vv. dluasiy

S3V-dOI Aq s|eja|y [ejol 1150093
punoawon

nin 18quInN SYO

00:G} 0L0¢-NNr-so

00:G} 0L02-NNr-S0

00:G1 0102-NNr-s0

awi} / ayep buydwes juaiD

uapJingaajul
Nasi-vv ¥vm ULEL-8Y VM LS -7 HYM a1 ejdwes jusio dINd :XUEN-Ans
sjnsay |eanhjeuy

SV HYLVHVM L1 912609 - jo8loid
ALTALd LINSNOD €3 - juald

268600193 - 19pI0 YoM

V0¥ : abed



Volume 5 - Appendices | Appendix 6 - Soils and Geology

Australian )

Geomechanical Soil & Rock
o o Laboratories P/L .

ABN: 25 065 630 506 T e S t I n g

Postal: PO Box 3317 Newmarket QId 4051 (Phone) 07 3357 5535
Address: 10/104 Newmarket Rd Windsor Qld 4030 (Fax) 07 3357 5531

windsor@aglabs.com.au

EMERSON CLASS NUMBER TEST REPORT

Test Method: AS1289 3.8.1

Client: E3 Consult Pty Ltd Report No. 9120844-em
Project: B09216.01 Test Date: 14/01/10
Report Date: 18/01/10
Sample No. 9120844 9120845 9120846 9120847
Client ID: EB09186247-7 |EB09186247-8 EB09186247-9 |EB09186247-56
Depth (m): 0.0-0.3 0.0-0.3 0.3-0.6 0.0-0.3
Description: Sandy Clay Sandy Silt Sandy Clay Sandy Clay
dark grey grey brown brown
Emerson Class No.: 2 2 1 5
Sample No. 9120848 9120849 9120850 9120851
Client ID: EB09186247-57 | EB0918649-71|EB0918624-23 |[EB0918624-20
Depth (m): 0.3-0.6 0.3 0.0-0.3 0.0-0.3
Description: Gravelly Sandy | Sandy Clay Silty Sand Sandy Clay
Clay brown brown brown
brown
Emerson Class No.: 3 5 5 3

Remarks: Tested with distilled water at 240C

Sample/s supplied by the client | Page: 1 of 1
A This Document is issued in accordance with NATA’s Authorised Signatory
accreditation requirements. Z V
NATA Accredited for compliance with ISO/IEC 17025 #
v The results of the tests, calibrations, and/or - M
N, measurements included in this document are traceable J. Russell
compeTENCE to Australian/National standards
N ATA Accredited Laboratory Number 9926 Manager

Form Number: GT007-5
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Australian ;

Geomechanical Soil & Rock
o o Laboratories P/L .

ABN: 25 065 630 506 T e S t I n g

Postal: PO Box 3317 Newmarket QId 4051 (Phone) 07 3357 5535
Address: 10/104 Newmarket Rd Windsor Qld 4030 (Fax) 07 3357 5531

windsor@aglabs.com.au

EMERSON CLASS NUMBER TEST REPORT

Test Method: AS1289 3.8.1

Client: E3 Consult Pty Ltd Report No. 9120852-em
Project: B09216.01 Test Date: 14/01/10
Report Date: 18/01/10
Sample No. 9120852 9120853 9120854 9120855
Client ID: EB0918624-32 |[EB0918624-35|EB0918649-9 |[EB0918649-10
Depth (m): 0.0-0.3 0.0-0.3 0.0-0.3 0.0-0.3
Description: Clay Sand Sandy Clay Sandy Clay
brown brown brown brown
Emerson Class No.: 5 3 4 2
Sample No. 9120856 9120857 9120858 9120859
Client ID: EB0918649-70 ([EB0918649-68 EB0918649-27 |[EB0918649-30
Depth (m): 0.0-0.3 0.0-0.3 0.0-0.3 0.0-0.3
Description: Sandy Clay Sandy Clay Sandy Silt Silty Sand
brown brown brown grey
Emerson Class No.: 2 4 3 2

Remarks: Tested with distilled water at 240C

Sample/s supplied by the client

| Page: 1 of 1
A This Document is issued in accordance with NATA’s Authorised Signatory
accreditation requirements. Z V
NATA Accredited for compliance with ISO/IEC 17025 4
v The results of the tests, calibrations, and/or - M
R, measurements included in this document are traceable J. Russell
COMPETENCE to Australian/National standards
N ATA Accredited Laboratory Number 9926 Manager

Form Number: GT007-5
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Australian )

Geomechanical Soil & Rock
o o Laboratories P/L .

ABN: 25 065 630 506 T e S t I n g

Postal: PO Box 3317 Newmarket QId 4051 (Phone) 07 3357 5535
Address: 10/104 Newmarket Rd Windsor Qld 4030 (Fax) 07 3357 5531

windsor@aglabs.com.au

EMERSON CLASS NUMBER TEST REPORT

Test Method: AS1289 3.8.1

Client: E3 Consult Pty Ltd Report No. 9120860-em
Project: B09216.01 Test Date: 14/01/10
Report Date: 18/01/10

Sample No. 9120860 9120861 9120862 9120863
Client ID: EB0918649-31 |[EB0918649-39 EB0918649-40 |[EB0918649-67
Depth (m): 0.3-0.6 0.0-0.3 0.3-0.6 0.0-0.3
Description: Sandy Clay Sandy Silt Sandy Clay |Sandy Silty Clay
grey grey yellow/brown brown
Emerson Class No.: 1 2 3 2

Remarks: Tested with distilled water at 240C

Sample/s supplied by the client

‘ Page: 1 of 1
A This Document is issued in accordance with NATA’s Authorised Signatory
accreditation requirements.
NATA Accredited for compliance with ISO/IEC 17025 4 é Z EQ /
v The results of the tests, calibrations, and/or - M.
recnmieAL measurements included in this document are traceable J. Russell
COMPETENCE to Australian/National standards
N ATA Accredited Laboratory Number 9926 Manager

Form Number: GT007-5
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Waratah Coal

Appendix C — Soil Results Summary Tables

E3 Consulting Australia Pty Limited ABN 44 242 443 207

Waratah Coal - Soils and Geology - Final 5 Oct 2010.docx
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Appendix 6 - Soils and Geology

Soil Types  Tenosol
Site ID: SS01 Site Location: KPO1
Regional Soil Type: Sodosol
Landform: Mj9
|High hilly or mountainous lands, mostly with
steep slopes; rock outcrop is often prominent:
dominantsoils are fairly shallow and nearly
always stony friable earths with a dark loamy
surface grading tored clay subsoils (Gn3.14). A
wide variety of other shallow stony soils occur,
chiefly (Um1.43), (Um4.2),(Gn3.24), (Gn3.11),
|(Db1.11), (Dr2.11), (Dr2.12), and (Dy2.11). Data
are fairly limited
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 5.9
SAR 0.01 6.80
EC 1 pS/cm 30
Exchangeable Ca 0.1 meq/100g 0.9
Exchangeable Mg 0.1 meq/100g 0.5
Exchangeable K 0.1 meq/100g 0.3
Exchangeable Na 0.1 meq/100g 0.3
CEC 0.1 meq/100g 1.9
ESP (%) 0.001 14.3
Ca:Mg 0.1 16
Chloride 10 mg/kg 150
Emerson Crumb Class na

Soil & landform Elements

gravelly

Regional Soil Type Sodosol
Map Reference 0
Permeability Low
Drainage Poor
Landform Plain
Vegetation Native Pasture
Site Disturbance Low
Microrelief cracking
Erosion Moderate
PAWC <50mm
GQAL Class D
Depth Soil Descriptions
0-03 Sandy gravelly CLAY, Fine grain, pale, very soft, very loose, trace roots, refusal at 0.3
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Soil Types
Site ID: SS02 Site Location: KPO5
Regional Soil Type: Sodosol

|Landform: Kf13

ILevel plains: dominant soils are deep dark
cracking clays (Ug5.16), with lesser grey clays
(Ugh.24, Ug5.29). A slight (6 12 in.) gilgai
microrelief is often present; where it is more
pronounced, the clays occur on the puffs, and in
the depressions are loamy grey duplex soils
(Dy3.43), (Dy2.43), (Dy3.33), and (Dy2.33), with
llesser similar (Dd1) soils

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 8.6
SAR 0.01 1.88
EC 1uS/cm 166
Exchangeable Ca 0.1 meq/100g 37.0
Exchangeable Mg 0.1 meq/100g 4.4
Exchangeable K 0.1 meq/100g 0.2
Exchangeable Na 0.1 meq/100g 0.8
CEC 0.1 meq/100g 52.4
ESP (%) 0.001 7.6
Ca:Mg 0.1 2.5
Chloride 10 mg/kg 280
Emerson Crumb Class -

Soil & landform Elements

Regional Soil Type Sodosol
Map Reference
Permeability High
Drainage Good
Landform Talis
Vegetation Sparse
Site Disturbance Low
Microrelief Undulating
Erosion Moderate
PAWC 100-125mm
GQAL Class A
Depth Soil Descriptions

0-0.3 Clay, Dark Brown/Grey, hard friable, poorly drained.
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Appendix 6 - Soils and Geology

Soil Types
Site ID:

Regional Soil Type:

SS03 Site Location: KPO4
Sodosol

Landform: Kf13

Level plains: dominant soils are deep dark

cracking clays (Ug5.16), with lesser grey clays

(Ugh.24, Ug5.29). A slight (6 12 in.) gilgai

microrelief is often present; where it is more

pronounced, the clays occur on the puffs, and in

the depressions are loamy grey duplex soils

(Dy3.43), (Dy2.43), (Dy3.33), and (Dy2.33), with

lesser similar (Dd1) soils

Sample Depth 0.0-0.3

Analytical Data MDL Analytical Result

pH 0.1 pH unit 6.7

SAR 0.01 4.46

EC 1 uS/cm 113

Exchangeable Ca 0.1 meq/100g 7.2

Exchangeable Mg 0.1 meq/100g 4.1

Exchangeable K 0.1 meqg/100g 0.5

Exchangeable Na 0.1 meqg/100g 0.7

CEC 0.1 meq/100g 12.5

ESP (%) 0.001 5.5

Ca:Mg 0.1 1.8

Chloride 10 mg/kg 280

Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Sodosol

Map Reference

Permeability Low

Drainage Poor

Landform Plain

Vegetation Native Pasture

Site Disturbance Low

Microrelief cracking

Erosion Moderate

PAWC 100-125mm

GQAL Class A
Depth Soil Descriptions
0-0.3 Clayey SILT, dry, soft, loose, brown/orange, some roots some gravel
0.4-0.6 Gravelly Clayey SILT, dry, soft, loose, brown/orange, some roots
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Soil Types
Site ID:  SS04 Site Location: KPO5
Regional Soil Type: Sodosol

Landform: Kf13

Level plains: dominant soils are deep dark
cracking clays (Ug5.16), with lesser grey clays
(Ugh.24, Ug5.29). A slight (6 12 in.) gilgai
microrelief is often present; where it is more
pronounced, the clays occur on the puffs, and in
the depressions are loamy grey duplex soils
(Dy3.43), (Dy2.43), (Dy3.33), and (Dy2.33), with
lesser similar (Dd1) soils

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit na
SAR 0.01 na
EC 1 uS/cm na
Exchangeable Ca 0.1 meq/100g na
Exchangeable Mg 0.1 meq/100g na
Exchangeable K 0.1 meq/100g na
Exchangeable Na 0.1 meq/100g na
CEC 0.1 meq/100g na
ESP (%) 0.001 na
Ca:Mg 0.1 na
Chloride 10 mg/kg na
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Chromosol
Map Reference 20° 3'39.504" S 147° 53'2.978" E
Permeability Low
Drainage High
Landform Alluvial depression
Vegetation Heavy vegetation
Site Disturbance Nil
Microrelief NII
Erosion Moderate
PAWC <50mm
GQAL Class D

Depth Soil Descriptions

Clayey SILT, dry, soft, loose, brown/orange, some roots some gravel (>60mm). Profile
change at 0.4m gravel (20mm)

Gravelly Clayey SILT, dry, soft, loose, brown/orange, some roots some gravel (>60mm).

0.4-0.6 gravel (20mm)
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Soil Types
Site ID:  SS05 Site Location: KPO5
Regional Soil Type: Sodosol

Landform: KB26

Hilly or low hilly lands with some moderately undulating
Iplateau surfaces; the unit is often boundedby steep
dissected scarps; almost all soils are shallow and often
stony: dominant are very dark brownclays (Ug5.12), but
shallow red soils (Ug5.37) and (Gn3.12) are also common.
On stronger slopesand high hills very shallow stony clays
(Uf6.32 and Uf6.31) occur

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 8.6
SAR 0.01 1.88
EC 1 uS/cm 166
Exchangeable Ca 0.1 meq/100g 37.0
Exchangeable Mg 0.1 meqg/100g 14.6
Exchangeable K 0.1 meq/100g 0.2
Exchangeable Na 0.1 meq/100g 0.6
CEC 0.1 meq/100g 52.4
ESP (%) 0.001 1.1
Ca:Mg 0.1 2.5
Chloride 10 mg/kg 100
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Sodosol

Map Reference -

Permeability Moderate

Drainage Medium

Landform Plain

Vegetation Sparse

Site Disturbance Low

Microrelief nil

Erosion Moderate

PAWC 2150mm

GQAL Class C
Depth Soil Descriptions
0-0.3 CLAY, moist, soft to hard, dark brown, very loose roots
0.3-0.6 Clay, hard to friable, very loose roots, dark brown

Clay, hard to friable, loose roots, coarse poorly sorted gravels and

0.6-0.9 quartz 0.9mm, hard friable clays, dark brown.
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Soil Types
Site ID:  SS06 Site Location: KP10
Regional Soil Type: Sodosol
Landform: Va86
Undulating lands with some alluvial plains: dominant are
very pale grey loamy or sandy duplex soils(Dy3.43) with
similar neutral and acid forms occurring on higher
landscape sites. Included in theunit as mapped are small
areas of loamy or sandy yellow earths (Gn2.22) and small
inclusions of unitTb119. Data are limited
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 6.9
SAR 0.01 20.5
EC 1 pS/cm 166
Exchangeable Ca 0.1 meq/100g 4.0
Exchangeable Mg 0.1 meq/100g 4.3
Exchangeable K 0.1 meq/100g 0.3
Exchangeable Na 0.1 meqg/100g 1.9
CEC 0.1 meq/100g 10.5
ESP (%) 0.001 18.3
Ca:Mg 0.1 0.9
Chloride 10 mg/kg 400
Emerson Crumb Class 2

Soil & landform Elements

Regional Soil Type Sodosol
Map Reference -
Permeability Moderate
Drainage Medium
Landform Plain
Vegetation Sparse
Site Disturbance Nil
Microrelief nil
Erosion Moderate
PAWC 100-125mm
GQAL Class A
Depth Soil Descriptions
0-0.3 Silty CLAY, soft, very loose, minor roots, pale brown/grey, Poorly
’ drained
0.3-0.6 Clay, dry, soft to hard, very loose, minor roots, dark brown.
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Soil Types
Site ID:  SSO7 Site Location: KP10
Regional Soil Type: Sodosol
Landform: Va50
Undulating or gently undulating lands: dominant are sandy
or loamy often gritty duplex soils (Dy3.43)with lesser
(Dy3.33) and (Dy3.42). Some similar (Dy2) soils also occur.
Closely associated, particularlyon higher landscape sites, are
loamy red duplex soils (Dr2.12), rarely (Dr2.13). Small areas
of graniteoutcrop within the unit have shallow coarse sands
(Uc4.2 and Uc4.1), less commonly (Uc2.12)
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 8.2
SAR 0.01 93.1
EC 1 uS/cm 712
Exchangeable Ca 0.1 meq/100g 2.6
Exchangeable Mg 0.1 meq/100g 3.2
Exchangeable K 0.1 meqg/100g 0.2
Exchangeable Na 0.1 meq/100g 3.5
CEC 0.1 meq/100g 9.6
ESP (%) 0.001 37.2
Ca:Mg 0.1 0.8
Chloride 10 mg/kg 1050
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Sodosol
Map Reference -
Permeability Moderate
Drainage Medium
Landform Plain
Vegetation Sparse
Site Disturbance Low
Microrelief mild
Erosion Moderate
PAWC <50mm
GQAL Class C
Depth Soil Descriptions
0-0.3
Clay, pale brown grey, very soft, very loose
sorted gravel, rounded 0.1mm, traces of
0.3-0.6

clay.
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Soil Types
Site ID:

Regional Soil Type:

SS08 Site Location: KP15
Sodosol

Landform: Va50

Undulating or gently undulating lands: dominant are sandy

or loamy often gritty duplex soils (Dy3.43)with lesser

(Dy3.33) and (Dy3.42). Some similar (Dy2) soils also occur.

Closely associated, particularlyon higher landscape sites, are

loamy red duplex soils (Dr2.12), rarely (Dr2.13). Small areas

of graniteoutcrop within the unit have shallow coarse sands

(Uc4.2 and Uc4.1), less commonly (Uc2.12)

Sample Depth 0.0-0.3

Analytical Data MDL Analytical Result

pH 0.1 pH unit 6.9

SAR 0.01 1.41

EC 1 uS/cm 27

Exchangeable Ca 0.1 meq/100g 11.8

Exchangeable Mg 0.1 meq/100g 5

Exchangeable K 0.1 meq/100g 0.3

Exchangeable Na 0.1 meq/100g 0.2

CEC 0.1 meq/100g 17.3

ESP (%) 0.001 1.1

Ca:Mg 0.1 2.4

Chloride 10 mg/kg 250

Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Sodosol
Map Reference -
Permeability Moderate
Drainage Medium
Landform Plain
Vegetation Sparse
Site Disturbance Low
Microrelief mild
Erosion Moderate
PAWC <150mm
GQAL Class C
Depth Soil Descriptions
Sandy CLAY, fine/medium grain, soft to hard, very loose, minor roots,
0-03 dark brown black, minor traces of fine sorted sands and gravel, rounded
0.1mm
03-04 Sandy CLAY, fine /medium grain Hard, very loose, minor roots, dark
brown/black, traces fine sands and gravel, rounded 0.1mm.
0.4-0.6 Sandy CLAY, medium/coarse grain, hard very loose, minor roots,

brown/yellow, trace fine sorted sands and gravel, rounded 0.1mm.
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Soil Types
Site ID:  SS09 Site Location: KP28
Regional Soil Type: Chromosol
Landform: Qald
Moderately or, less commonly, strongly undulating lands
\with occasional isolated hills surrounded by
stronglydissected steep slopes; limited rock outcrop may
occur throughout: dominant are loamy red duplex
s0ils(Dr2.12) of shallow to moderate depth (18-30in.).
Commonly associated are (Dr2.11), (Dr2.21),
(Dr2.22),(Gn3.12), and less often (Dr2.13). Some similar
(Db1) soils occur and in some areas yellow loamy duplexsoils|
(Dy2.21, Dy2.22) are locally dominant. Also often closely
associated, particularly on lower slopes,are mottled yellow
duplex soils (Dy3.42, Dy3.43) and (Dy3.32). The hilly areas
have very shallow stonyduplex soils (Dr2.12), (Dy2.12), and
(Db1.12), stony loams (Um1.43) and (Um4.2), or gritty sands
(Uc4.2)and (Uc2.12). Very occasional small areas of dark
clays (Ug5.13) or red-brown clays (Ug5.37) may also
beincluded in the unit
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 53
SAR 0.01 0.62
EC 1 uS/cm 19
Exchangeable Ca 0.1 meq/100g 2.2
Exchangeable Mg 0.1 meq/100g 1.6
Exchangeable K 0.1 meq/100g 0.6
Exchangeable Na 0.1 meq/100g 0.3
CEC 0.1 meq/100g 4.6
ESP (%) 0.001 5.9
Ca:Mg 0.1 14
Chloride 10 mg/kg 220
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Chromosol

Map Reference

20°7'24.328"S147°51'6.165" E

Permeability Moderate
Drainage Medium
Landform Flat
Vegetation Open forest
Site Disturbance Nil
Microrelief mild
Erosion Moderate
PAWC >150mm
GQAL Class C
Depth Soil Descriptions
Claye sandy GRAVEL, fine grain, very soft, very loose, minor roots, dark
0-0.3 red/yellow, fine poorly sorted sands and subangular gravel 0.3mm,
traces of clays.
Clayey sandy GRAVEL, fine grain, very soft , very loose, fine poorly
0.3-0.6 sorted sands and subangular gravel 0.3mm, minor roots, dark
red/orange, minor traces of clays
Clayey sandy GRAVEL, fine to medium grain, soft, very loose, poorly
0.6-0.9

sorted sands and gravel, sun-angular gravel 0.3mm, pale orange
/Yellowminor roots, minor traces of clays.
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Soil Types
Site ID:

Regional Soil Type:

SS10 Site Location: KP45
Chromosol
Landform: Qal4d

beincluded in the unit

Moderately or, less commonly, strongly undulating lands with occasional isolated hills
surrounded by stronglydissected steep slopes; limited rock outcrop may occur
throughout: dominant are loamy red duplex soils(Dr2.12) of shallow to moderate
depth (18-30 in.). Commonly associated are (Dr2.11), (Dr2.21), (Dr2.22),(Gn3.12), and
less often (Dr2.13). Some similar (Db1) soils occur and in some areas yellow loamy
duplexsoils (Dy2.21, Dy2.22) are locally dominant. Also often closely associated,
particularly on lower slopes,are mottled yellow duplex soils (Dy3.42, Dy3.43) and
(Dy3.32). The hilly areas have very shallow stonyduplex soils (Dr2.12), (Dy2.12), and
(Db1.12), stony loams (Um1.43) and (Um4.2), or gritty sands (Uc4.2)and (Uc2.12). Very
loccasional small areas of dark clays (Ug5.13) or red-brown clays (Ug5.37) may also

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 7.3
SAR 0.01 7.24
EC 1 uS/cm 38
Exchangeable Ca 0.1 meq/100g 5.5
Exchangeable Mg 0.1 meq/100g 4.4
Exchangeable K 0.1 meq/100g 0.6
Exchangeable Na 0.1 meq/100g 0.8
CEC 0.1 meq/100g 11.3
ESP (%) 0.001 7.6
Ca:Mg 0.1 1.2
Chloride 10 mg/kg 280
Emerson Crumb Class 5
Soil & landform Elements
IRegionaI Soil Type Chromosol
IMap Reference 20°14'8.501" S 147°48'54.174" E
IPermeabiIity High
IDrainage Low
ILandform Alluvial depression
Open forest / alluvial
Vegetation vegetation
Site Disturbance Nil
[Microrelief mild
[Erosion Moderate
frawc 125-150mm
[GQAL Class C
Depth Soil Descriptions
Sand Gravel Clay, Fine grain,Pale brown Orange, Soft Minor roots, Fine poorly
0-0.3
sorted coarse sands and subangular gravels 0.3mm
Sand Gravel Clay Fine Pale Yellow Orange Very Soft Very Loose profile change at 0.3-
0.4-0.6 0.4m, poorly sorted coarse sands and subangular gravels 0.9mm
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Soil Types
Site ID:  SS11 Site Location: KP50
Regional Soil Type: Chromosol

Landform: Qal4d

IModerately or, less commonly, strongly undulating lands
with occasional isolated hills surrounded by
stronglydissected steep slopes; limited rock outcrop may
occur throughout: dominant are loamy red duplex
soils(Dr2.12) of shallow to moderate depth (18-30 in.).
Commonly associated are (Dr2.11), (Dr2.21),
(Dr2.22),(Gn3.12), and less often (Dr2.13). Some similar
(Db1) soils occur and in some areas yellow loamy
duplexsoils (Dy2.21, Dy2.22) are locally dominant. Also often
closely associated, particularly on lower slopes,are mottled
yellow duplex soils (Dy3.42, Dy3.43) and (Dy3.32). The hilly
areas have very shallow stonyduplex soils (Dr2.12), (Dy2.12),
and (Db1.12), stony loams (Um1.43) and (Um4.2), or gritty
sands (Uc4.2)and (Uc2.12). Very occasional small areas of
dark clays (Ug5.13) or red-brown clays (Ug5.37) may also
beincluded in the unit

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit na
SAR 0.01 na
EC 1 uS/cm na
Exchangeable Ca 0.1 meq/100g na
Exchangeable Mg 0.1 meq/100g na
Exchangeable K 0.1 meq/100g na
Exchangeable Na 0.1 meq/100g na
CEC 0.1 meq/100g na
ESP (%) 0.001 na
Ca:Mg 0.1 na
Chloride 10 mg/kg na
Emerson Crumb Class 5

Soil & landform Elements

Regional Soil Type Chromosol
Map Reference -
Permeability Moderate
Drainage Medium
Landform Plain
Vegetation Sparse
Site Disturbance Nil
Microrelief nil
Erosion Low
PAWC <50mm
GQAL Class C
Depth Soil Descriptions
Sandy Gravelly CLAY, fine to coarse grain sand, , soft to hard, loose,
0-0.3 roots, medium poorly sorted sand and gravel, dark
red/brownsubangular gravel 0.7mm
Clayey sandy GRAVEL, Fine grain sand, , soft, loose, minor roots, dark
0.4-0.6 red/brown, colour gets deeper in colour (reds) with depth.
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Soil Types
Site ID: SS12 Site Location: KP55
Regional Soil Type:

Landform: Qal4d

Moderately or, less commonly, strongly undulating lands
with occasional isolated hills surrounded by
stronglydissected steep slopes; limited rock outcrop may
loccur throughout: dominant are loamy red duplex
50ils(Dr2.12) of shallow to moderate depth (18-30 in.).
[Commonly associated are (Dr2.11), (Dr2.21),
(Dr2.22),(Gn3.12), and less often (Dr2.13). Some similar
(Db1) soils occur and in some areas yellow loamy
duplexsoils (Dy2.21, Dy2.22) are locally dominant. Also
often closely associated, particularly on lower slopes,are
mottled yellow duplex soils (Dy3.42, Dy3.43) and (Dy3.32).
IThe hilly areas have very shallow stonyduplex soils
(Dr2.12), (Dy2.12), and (Db1.12), stony loams (Um1.43)
and (Um4.2), or gritty sands (Uc4.2)and (Uc2.12). Very
occasional small areas of dark clays (Ug5.13) or red-brown
clays (Ug5.37) may also beincluded in the unit

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit na
SAR 0.01 na
EC 1 uS/cm na
Exchangeable Ca 0.1 meq/100g na
Exchangeable Mg 0.1 meq/100g na
Exchangeable K 0.1 meq/100g na
Exchangeable Na 0.1 meq/100g na
CEC 0.1 meq/100g na
ESP (%) 0.001 na
Ca:Mg 0.1 na
Chloride 10 mg/kg na
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Chromosol
Map Reference -
Permeability Moderate
Drainage Medium
Landform Plain
Vegetation Sparse
Site Disturbance Nil
Microrelief mild
Erosion Moderate
PAWC <50mm
GQAL Class C
Depth Soil Descriptions
Sandy gravelly CLAY, fine grain sand, very soft very loose minor roots, pale
0-03 brown orange, sparce and poorly sorted coarse sands and subangular to
rounded gravel 0.9mm
0.4-06 Sandy gravelly CLAY, fine grain sand, Pale Brown White Very soft Very loose

profile change at 0.5m, getting paler down the profile, minor roots, medium
poorly sorted sand and gravel, subangular to rounded gravel 0.7mm

Sandy Gravelly CLAY, fine grain sand, Pale White Brown Very soft Very loose
0.6-0.9 Minor roots,medium poorly sorted sand and gravel, sub-angular gravel
0.7mm
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Soil Types
Site ID:

Regional Soil Type:

SS13 Site Location: KP70
Sodosol

Landform: SI17

Valley plains: chief soils are probably hard

alkaline yellow soils (Dy2.33) but a variety

of similar (Dr) and(Db) soils occur,

including (Dr2.33), (Dr2.73), and (Db1.33,

Db1.32). Associated are crusty loamy

soils(Dy1.33) and (Dr1.33) and cracking

clays (Ug5.2) and (Ug5.3)

Sample Depth 0.0-0.3

Analytical Data MDL Analytical Result

pH 0.1 pH unit 7.3

SAR 0.01 1.81

EC 1 puS/cm 29

Exchangeable Ca 0.1 meq/100g 15.5

Exchangeable Mg 0.1 meq/100g 11.1

Exchangeable K 0.1 meq/100g 0.6

Exchangeable Na 0.1 meq/100g 0.3

CEC 0.1 meq/100g 27.5

ESP (%) 0.001 1.1

Ca:Mg 0.1 1.4

Chloride 10 mg/kg 210

Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type

Sodosol

Map Reference

20°27'37.124" S
147°46'13.438"E

Permeability Moderate
Drainage High
Landform Flat
Vegetation Open forest
Site Disturbance Nil
Microrelief mild
Erosion Moderate
PAWC 75-100mm
GQAL Class A
Depth Soil Descriptions
0-03 Clay Fine Dark Brown Black Very soft Minor roots, profile change 0.25 to
e 0.30m, lighter colour through profile, humid soils
0.4-0.6 Clay Gravel Fine Brown Orange Very soft Humid,poorly sorted gravels,
o subangular to angular gravel 0.3mm
0.6:0.9 Clay Gravel Fine Brown Orange Very soft Humid,poorly sorted gravels,

subangular to angular gravel 0.3mm
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Soil Types

Site ID: Ss14 Site Location: KP75

Regional Soil Type: Sodosol
Landform: Qal2
High hilly lands with some mountainous areas; nearly all hills have steep
slopes but crests are oftenrounded; marginal to the unit, topography may be
strongly undulating; rock outcrop is commonthroughout: dominant are
shallow stony loamy red duplex soils (Dr2.12), with lesser (Dr2.22)
and(Dr2.62). Other duplex soils also occur, chiefly (Db1.12), (Dy2.22),
(Dy2.33), (Dy2.43), and similar(Dy3) soils. Small areas of red friable earths
(Gn3.12, Gn3.14, and Gn3.15) are associated in some areas.Higher hill crests
and more stony sites have shallow stony loams (Um1.43), (Um4.1), and
(Um2.12)or sands (Uc2.12), (Uc4.1), and (Uc4.2)
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 7.1
SAR 0.01 0.38
EC 1 uS/cm 19
Exchangeable Ca 0.1 meq/100g 6.8
Exchangeable Mg 0.1 meq/100g 1
Exchangeable K 0.1 meq/100g 0.3
Exchangeable Na 0.1 meq/100g 0.5
CEC 0.1 meq/100g 8.6
ESP (%) 0.001 5.5
Ca:Mg 0.1 6.7
Chloride 10 mg/kg 90
Emerson Crumb Class na
Soil & landform Elements
Regional Soil Type Sodosol
Map Reference 20° 30' 40.564" S 147° 50' 43.632" E
Permeability High
Drainage Medium
Landform Flat
Vegetation Heavy vegetation

Site Disturbance

Roadway cleared to the east and west

Microrelief mild
Erosion Moderate
PAWC >150mm
GQAL Class A

Depth Soil Descriptions

0-03 Clayey sandy GRAVEL, Fine grain sand, Pale Orange, Very soft, Very loose, Minor

' roots, Fine poorly sorted coarse sands and subangulargravels 0.3mm
03-06 Clayey sandy GRAVEL, Fine grain sand, Pale Yellow/ Orange, Very soft, Very loose,

profile change at 0.3-0.4m, Poorly sorted coarse sands and subangular gravels 0.9mm
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Soil Types
Site ID: SS15 Site Location: KP75
Regional Soil Type: Sodosol
Landform: MM12
Alluvial plains, sometimes with slight to moderate (1-2 ft)
Jeilgai microrelief: dominant soils are browndeep clays
(Ug5.34) with lesser grey clays (Ug5.25 and Ug5.24).
[Associated are many small areaswith thin-surfaced loamy
duplex soils (Db1.13 and Db1.33) and lesser similar (Dy2)
soils
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit na
SAR 0.01 0.42
EC 1uS/cm 22
Exchangeable Ca 0.1 meq/100g 4.1
Exchangeable Mg 0.1 meq/100g 1
Exchangeable K 0.1 meq/100g 0.8
Exchangeable Na 0.1 meq/100g 0.1
CEC 0.1 meq/100g 6
ESP (%) 0.001 2.2
Ca:Mg 0.1 4.3
Chloride 10 mg/kg 160
Emerson Crumb Class na

Soil & landform Elements

|Regiona| Soil Type Sodosol
Map Reference 44' 45.923" E
Permeability Low
Drainage Medium
Landform Flat
Vegetation Sparse vegetation

Site Disturbance

Roadway cleared
immediately north

Microrelief nil
Erosion Moderate
PAWC >150mm
GQAL Class A
Depth Soil Descriptions
0-03 Clay, Pale, Brown Yellow, Very soft, Very loose, Minor roots.
04-06 Gravelly CLAY, Pale Brown/Grey, Very soft to Stiff, Very loose, Minor roots, poorly sorted gravels,
e subangular to angular quartz and gravel 0.3mm
0.6-0.9 CLAY, Pale Brown/Grey, Very soft to Stiff, Very loose, Hard clays, minor roots.
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Soil Types
Site ID:

Regional Soil Type:

SS16 Site Location: KP85

Sodosol
Landform: VdS
Moderate to strongly undulating lands with occasional
high strike ridges with sandstone outcrop:dominant are
loamy duplex soils with mottled yellow-brown subsoils.
[The chief form is (Dy3.33) but(Dy3.23) and (Dy3.43) also
occur. Important areas of red loamy duplex soils (Dr2.12),
(Dr2.32),(Dr2.42), and (Dr3.33) are present in the unit.
IAssociated small alluvial plains have grey loamy
duplexsoils (Dy2.43) and occasional highly calcareous
ridges have shallow loams (Um1.3). Where
sandstoneoutcrop is prominent shallow sand soils of units
)13 and Cd15 are found
Sample Depth | 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 8.8
SAR 0.01 ND
EC 1uS/cm 84
Exchangeable Ca 0.1 meq/100g 34.1
Exchangeable Mg 0.1 meq/100g 0.7
Exchangeable K 0.1 meq/100g 0.5
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 35.4
ESP (%) 0.001 0.3
Ca:Mg 0.1 50.6
Chloride 10 mg/kg 190
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Sodosol
Map Reference 4417.999" E
Permeability High
Drainage Low
Landform Flat
Vegetation Sparse vegetation

Cleared for roadway,
development to the

Site Disturbance north and west.

Microrelief mild
Erosion Moderate
PAWC >150mm
GQAL Class C
Depth Soil Descriptions
0-03 Gravelly CLAY, Dark Brown/ White Very soft Very loose Minor roots, profile change at 0.2 -
’ 0.3m, poorly sorted gravels, subangular to angular quartz and gravel 0.3mm to 0.7mm
0.3-06 Gravel, Pale Yellow/ Grey, Very soft, Very loose, Poorly sorted gravels, subangular to angular
e quartz and gravel 0.3mm
0.6-0.9 Gravel, Pale Yellow/White, Very soft, Very loose, Poorly sorted gravels, subangular to angular
T quartz and gravel 0.1mm
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Soil Types
Site ID:  SS17 Site Location: KP90
Regional Soil Type: Sodosol

Landform: Qb27

Gently undulating alluvial flood-plains, often with marked
Iterraces, levees, and shallow drainagedepressions: the
dominant soils are those of the older terraces and levees.
They have deep sandy orsandy loam A horizons (12-24 in.)
with a clear change to reddish brown clay or sandy clay.
The chiefform is (Dr2.22) with associated (Dr4.22), (Dy2.22),
(Dy2.33), (Dy3.33), (Db1.13), and (Dr2.23). In theshallow
drainage depressions loamy duplex soils (Dy2.43) and
(Dy3.43) occur, with uniform loams(Um6.11) on the most
recent terraces that may be subject to flooding

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 7.7
SAR 0.01 5.06
EC 1 uS/cm 59
Exchangeable Ca 0.1 meq/100g 7.8
Exchangeable Mg 0.1 meq/100g 7.1
Exchangeable K 0.1 meq/100g 0.3
Exchangeable Na 0.1 meq/100g 2.3
CEC 0.1 meq/100g 17.5
ESP (%) 0.001 12.9
Ca:Mg 0.1 1.1
Chloride 10 mg/kg 140
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Sodosol
Map Reference -
Permeability Moderate
Drainage Medium
Landform Undulating
Vegetation Sparse
Site Disturbance Nil
Microrelief mild
Erosion Moderate
PAWC <50mm
GQAL Class C
Depth Soil Descriptions
Silty gravelly SAND, Fine to Medium grain, Soft, Loose, Brown, Refusal
0-03 on gravel at 0.3m
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Soil Types
Site ID:

Regional Soil Type:

SS18 Site Location: KP100
Sodosol

Landform: MM13

Undulating or level plains, occasionally with slight to

moderate gilgai microrelief (1-2 ft): dominantsoils are

brown clays of moderate depth (Ug5.33 and Ug5.32)

associated with similar grey clays (Ug5.22,Ug5.23, and

Ug5.24). Included in the unit, as mapped, are small areas

of red-brown friable earths(Gn3.12); deeper clay soils

(Ug5.25), (Ug5.15), and (Ug5.34); some small low basaltic

hills with shallowstony (Um6) and (Uf6) soils; and small

alluvial plains with loamy duplex soils (Db1.33),

(Dd1.33),and (Dy2.33)

Sample Depth 0.0-0.3

Analytical Data MDL Analytical Result

pH 0.1 pH unit 6.9

SAR 0.01 0.27

EC 1uS/cm 37

Exchangeable Ca 0.1 meq/100g 6.8

Exchangeable Mg 0.1 meq/100g 2.9

Exchangeable K 0.1 meq/100g 0.8

Exchangeable Na 0.1 meq/100g 0.4

CEC 0.1 meq/100g 10.8

ESP (%) 0.001 3.2

Ca:Mg 0.1 2.3

Chloride 10 mg/kg 200

Emerson Crumb Class 5

Soil & landform Elements

|Regiona| Soil Type Sodosol
Map Reference 42'57.686" E
Permeability High
Drainage Medium
Landform Flat
Vegetation Sparse vegetation
Some clearing evident
Site Disturbance to the west and north
Microrelief nil
Erosion Moderate
PAWC 2150mm
GQAL Class C
Depth Soil Descriptions
0-03 CLAY, Very soft, Very loose, Minor roots,Dark Brown/Black getting lighter colour through
: profile.
04-06 Gravelly CLAY, Very soft, Very loose, Humid soils, Brown/ Orange, poorly sorted gravels,
e subangular to angular gravel 0.3mm
0.6-0.9 Gravelly CLAY Fine Nil Brown Orange Very soft Very loose Humid soils,poorly sorted gravels,
o subangular to angular gravel 0.3mm




Volume 5 - Appendices |

Appendix 6 - Soils and Geology

Soil Types
Site ID:  SS19 Site Location: KP105
Regional Soil Type: Vertosol

Landform: Qb27

Gently undulating alluvial flood-plains, often with marked
Iterraces, levees, and shallow drainagedepressions: the
dominant soils are those of the older terraces and levees.
They have deep sandy orsandy loam A horizons (12-24 in.)
with a clear change to reddish brown clay or sandy clay. The
chiefform is (Dr2.22) with associated (Dr4.22), (Dy2.22),
(Dy2.33), (Dy3.33), (Db1.13), and (Dr2.23). In theshallow
drainage depressions loamy duplex soils (Dy2.43) and
(Dy3.43) occur, with uniform loams(Um6.11) on the most
recent terraces that may be subject to flooding

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 7.8
SAR 0.01 6.08
EC 1 puS/cm 48
Exchangeable Ca 0.1 meqg/100g 5.6
Exchangeable Mg 0.1 meqg/100g 3.7
Exchangeable K 0.1 meqg/100g 0.6
Exchangeable Na 0.1 meqg/100g 0.9
CEC 0.1 meq/100g 10.8
ESP (%) 0.001 8.1
Ca:Mg 0.1 1.5
Chloride 10 mg/kg 150
Emerson Crumb Class 3

Soil & landform Elements

Regional Soil Type Vertosol

Map Reference 20° 44'57.129" S 147° 50' 56.340" E

Permeability Low

Drainage High

Landform Flat

Vegetation Sparse vegetation

Site Disturbance Cleared for roadway

Microrelief mild

Erosion Low

PAWC 2150mm

GQAL Class C
Depth Soil Descriptions
0-0.3 Clay Dark Brown minor roots, profile change at 0.3m
0.4-0.6 Clay Dark Orange Hard to Friable
0.6-0.9 Clay Dark Orange Hard to Friable
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Soil Types
Site ID:  SS20 Site Location: KP110
Regional Soil Type: Vertosol
Landform: MM12
Alluvial plains, sometimes with slight to moderate (1-2 ft)
fgilgai microrelief: dominant soils are browndeep clays
(Ug5.34) with lesser grey clays (Ug5.25 and Ug5.24).
Associated are many small areaswith thin-surfaced loamy
duplex soils (Db1.13 and Db1.33) and lesser similar (Dy2)
soils
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 7.9
SAR 0.01 11.5
EC 1 uS/cm 3100
Exchangeable Ca 0.1 meq/100g 37.5
Exchangeable Mg 0.1 meqg/100g 10.9
Exchangeable K 0.1 meq/100g 1
Exchangeable Na 0.1 meq/100g 8.6
CEC 0.1 meq/100g 58
ESP (%) 0.001 14.8
Ca:Mg 0.1 3.4
Chloride 10 mg/kg 900
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Vertosol

Map Reference 50'33.423"E

Permeability Low

Drainage High

Landform Flat

Vegetation No vegetation

Site Disturbance Cleared for roadway

Microrelief mild

Erosion Low

PAWC <50mm

GQAL Class D
Depth Soil Descriptions
0-0.3 Clay Brown Orange Hard Minor roots, profile change at 0.3m
0.4-0.6 Clay Dark Brown Grey Hard to Friable
0.6-0.9 Clay Dark Brown Grey Hard to Friable
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Soil Types
Site ID:  SS21 Site Location: KP130
Regional Soil Type: Tenosol
Landform: Va55
Undulating or moderately undulating lands with broad
valleys: dominant are sandy to loamy mottledduplex soils
of shallow to moderate depth (18-30in.). The chief form is
(Dy3.43) but a range of otherloamy duplex soils also occurs,
chiefly (Dy3.33), (Dy3.32), (Dr3.21), (Dr2.12), (Dr2.42),
(Dr2.31),(Dy2.43), (Db1.13), (Db1.43), and (Db1.33). In some
lower sites there may be small areas of slightlygilgaied
brown clays (Ug5.32 and Ug5.34). Throughout the unit
there are small areas where the soilsurface is covered with
a mantle of billy gravel to 4 in. diameter
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 5.8
SAR 0.01 1.42
EC 1 uS/cm 9
Exchangeable Ca 0.1 meqg/100g ND
Exchangeable Mg 0.1 meq/100g 0.6
Exchangeable K 0.1 meq/100g ND
Exchangeable Na 0.1 meqg/100g ND
CEC 0.1 meqg/100g 0.7
ESP (%) 0.001 8.6
Ca:Mg 0.1 0.2
Chloride 10 mg/kg 20
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Tenosol

Map Reference -

Permeability Moderate

Drainage Medium

Landform Undulating

Vegetation Sparse

Site Disturbance Nil

Microrelief mild

Erosion Moderate

PAWC <50mm

GQAL Class C
Depth Soil Descriptions
0-0.3 Sand Gravel Fine to Medium Dark Red Orange, pisolite to 0.2m
0.4-0.6 Clay Gravel Silt Fine to Medium Soft to Hard Roots
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Site ID:

Soil Types

§S22

Regional Soil Type:

Site Location: KP130
Tenosol/Sodosol

Landform:

Va55

Undulating or moderately undulating lands with broad
valleys: dominant are sandy to loamy mottledduplex soils of
shallow to moderate depth (18-30 in.). The chief form is
(Dy3.43) but a range of otherloamy duplex soils also occurs,
chiefly (Dy3.33), (Dy3.32), (Dr3.21), (Dr2.12), (Dr2.42),
(Dr2.31),(Dy2.43), (Db1.13), (Db1.43), and (Db1.33). In some
lower sites there may be small areas of slightlygilgaied brown
clays (Ug5.32 and Ug5.34). Throughout the unit there are
small areas where the soilsurface is covered with a mantle of

billy gravel to 4 in. diameter

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 6.1
SAR 0.01 3.21
EC 1 uS/cm 12
Exchangeable Ca 0.1 meq/100g 9.9
Exchangeable Mg 0.1 meq/100g 0.2
Exchangeable K 0.1 meq/100g 0.2
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 10.3
ESP (%) 0.001 0.6
Ca:Mg 0.1 51.1
Chloride 10 mg/kg 180
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type

Tenosol/Sodosol

Map Reference 43'15.168" E

Permeability High

Drainage Medium

Landform Downslope

Vegetation Heavy vegetation

Site Disturbance Nil

Microrelief nil

Erosion Moderate

PAWC 75 -100mm

GQAL Class C
Depth Soil Descriptions
0-0.3 Gravelly SAND Fine Brown Grey loose, profile change at 0.3m,

Gravelly SAND, Fine Pale Yellow Grey loose, poorly sorted sand and

0.4-0.6

gravel, rounded, 0.1mm
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Soil Types
Site ID:  SS23 Site Location: KP135
Regional Soil Type: Sodosol/Kandosol
|Landform: Bz9
|Low hilly or strongly undulating lands with some lateritic or
sandstone mesas: dominant soils are deepsands (Ucl .21),
but on the low mesas are leached sands (Uc2. 12) and
sandy red earths (Gn2. 11 ). On theoutwash slopes sandy
duplex soils (Dy5.41 and Dy5.42) occur. Data are limited
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 7.4
SAR 0.01 37.5
EC 1 uS/cm 280
Exchangeable Ca 0.1 meq/100g 3.1
Exchangeable Mg 0.1 meq/100g 3.5
Exchangeable K 0.1 meqg/100g 0.2
Exchangeable Na 0.1 meq/100g 2.4
CEC 0.1 meq/100g 9.3
ESP (%) 0.001 26.4
Ca:Mg 0.1 0.9
Chloride 10 mg/kg 610
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Sodosol/Kandosol
Map Reference -
Permeability Moderate
Drainage Medium
Landform Undulating
Vegetation Sparse
Site Disturbance Nil
Microrelief mild
Erosion Low
PAWC <50mm
GQAL Class C
Depth Soil Descriptions
Sandy gravelly SILT, Finegrain, Yellow/Brown, Poorly sorted,
0-03 subangular gravels and sands,>0.7mm
Sandy gravelly SILT, Fine grain, Orange, poorly sorted subangular
0.4-0.6 gravels and sands,>0.7mm
0.6-0.9 Gravelly SILT, Fine grain, Orange, Poorly sorted, subangular gravels
>.3mm, colour change 0.7m
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Soil Types
Site ID:

Regional Soil Type:

SS24 Site Location: KP135
Tenosol

Landform: Cd15

Low hilly to strongly undulating elevated lands with some

steeper high hilly areas; rock outcrop isvery common

throughout: dominant soils are very shallow (6-18 in.) stony

gritty leached sands orsandy loams (Uc2.12). Less common

are similar stony loams (Um2.12) and (Um4.1). On some

slopes

Sample Depth 0.0-0.3

Analytical Data MDL Analytical Result

pH 0.1 pH unit 4.7

SAR 0.01 0.44

EC 1 uS/cm 52

Exchangeable Ca 0.1 meqg/100g 20.2

Exchangeable Mg 0.1 meqg/100g 0.4

Exchangeable K 0.1 meqg/100g 0.2

Exchangeable Na 0.1 meqg/100g ND

CEC 0.1 meq/100g 20.8

ESP (%) 0.001 0.3

Ca:Mg 0.1 51.3

Chloride 10 mg/kg 160

Emerson Crumb Class 5

Soil & landform Elements

Regional Soil Type Tenosol
Map Reference 40'29.538" E
Permeability Medium
Drainage Low
Landform Flat
Vegetation Heavy vegetation

Cleared roadway

Site Disturbance southwest
Microrelief mild
Erosion Moderate
PAWC <50mm
GQAL Class C
Depth Soil Descriptions
0-03 CLAY Dark Brown Red Minor roots, profile change 0.25 to 0.3m, getting
’ lighter colour through profile,
0.4-0.6 Gravelly CLAY, Fine to Medium Orange Red Hard, poorly sorted
subangular to angular gravel 0.3mm
0.6-0.9 Gravelly CLAY, Fine to Medium Orange Red poorly sorted gravels,

subangular to angular gravel 0.3mm




Volume 5 - Appendices

Appendix 6 - Soils and Geology

Soil Types
Site ID:  SS25
Regional Soil Type:

Site Location: KP145

Kandosol

ILandform:

TB119

|Undu|ating to strongly undulating lands with many low
sandstone mesas, lateritic scarps, and their
dissectedremnants: the dominant soils are probably those
on higher sloping sites where very pale grey loamyduplex
soils (Dy3.41) occur, associated with (Dy3.42) and similar
(Dy2) soils. On the low dissectedkaolinized sandstone mesas
Iand pallid-zone scarps shallow stony sands (Uc2.12) are
common associatedwith very pale sandy or loamy duplex
soils (Dy3.41), (Dy2.41), (Dg4.41), and (Dg2.81). Some
Imoreextensive level plains or plateau surfaces have loamy

ellow earths (Gn2.21 and Gn2.25) with lesserareas of loamy
red earths (Gn2. 11 and Gn2. 12). Throughout the unit
adjacent to drainage lines are smallplains of alkaline loamy
duplex soils (Dy2.43) and (Dy3.43), and included in the unit
as mapped aresmall inclusions of unit Cd14

Sample Depth

0.0-0.3

Analytical Data MDL

Analytical Result

pH 0.1 pH unit

4.6

SAR 0.01

0.32

EC 1 uS/cm

15

Exchangeable Ca 0.1 meq/100g

1.6

Exchangeable Mg 0.1 meq/100g

0.5

Exchangeable K 0.1 meq/100g

0.7

Exchangeable Na 0.1 meq/100g

0.1

CEC 0.1 meq/100g

2.9

ESP (%) 0.001

4

Ca:Mg 0.1

3.3

Chloride 10 mg/kg

90

Emerson Crumb Class

3

Soil & landform Elements

Regional Soil Type Kandosol
Map Reference 45'9.029" E
Permeability High
Drainage Low
Landform Flat
Vegetation Open forest
Site Disturbance Nil
Microrelief mild
Erosion Low
PAWC 100-125mm
GQAL Class C
Depth Soil Descriptions
0-0.3 Silt Clay Fine Orange Red humid soils
0.4-0.6 Silt Clay Orange Grey
Silt Clay Fine Yellow Orange profile change at 0.6m, fine well sorted
0.6-0.9 . A .
humid sails, fine traces of silt
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Soil Types
Site ID:  SS26 Site Location: KP155
Regional Soil Type: Kandosol
Landform: Cd14
Low hilly to strongly undulating elevated lands with some
steeper high hilly areas; rock outcrop isvery common
throughout: dominant soils are very shallow (6-18 in.) stony
gritty leached sands orsandy loams (Uc2.12). Less common
are similar stony loams (Um2.12) and (Um4.1). On some
slopesshallow stony duplex soils occur, chiefly (Dy3.41),
(Dy3.42), and similar (Dy2) soils. Throughoutthis unit there
may be small remnants of unit Tb119
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit na
SAR 0.01 na
EC 1 uS/cm na
Exchangeable Ca 0.1 meg/100g na
Exchangeable Mg 0.1 meqg/100g na
Exchangeable K 0.1 meq/100g na
Exchangeable Na 0.1 meq/100g na
CEC 0.1 meqg/100g na
ESP (%) 0.001 na
Ca:Mg 0.1 na
Chloride 10 mg/kg na
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Kandosol
Map Reference 0
Permeability Moderate
Drainage Low
Landform Undulating
Vegetation Sparse
Site Disturbance Nil
Microrelief mild
Erosion Low
PAWC <50mm
GQAL Class C
Depth Soil Descriptions
0-0.3 Silty glravelly SAND, Fine Pale Orange Brown Very Soft Very Loose Minor
grave
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Soil Types
Site ID: SS27 Site Location: KP158
Regional Soil Type: Tenosol
|Landf0rm: Cd14
Jlow hilly to strongly undulating elevated lands with some
steeper high hilly areas; rock outcrop isvery common
throughout: dominant soils are very shallow (6-18 in.)
stony gritty leached sands orsandy loams (Uc2.12). Less
common are similar stony loams (Um2.12) and (Um4.1).
On some slopesshallow stony duplex soils occur, chiefly
(Dy3.41), (Dy3.42), and similar (Dy2) soils.
Throughoutthis unit there may be small remnants of unit
Th119
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 4.9
SAR 0.01 1.72
EC 1 puS/cm 29
Exchangeable Ca 0.1 meq/100g 0.7
Exchangeable Mg 0.1 meq/100g 0.7
Exchangeable K 0.1 meq/100g 0.1
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 1.5
ESP (%) 0.001 4.2
Ca:Mg 0.1 1
Chloride 10 mg/kg 50
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Tenosol
21°11'43.853" S 147° 36'
Map Reference 48.656" E
Permeability High
Drainage Low
Landform Flat
Vegetation Heavy vegetation
Site Disturbance Nil
Microrelief mild
Erosion Moderate
PAWC <50mm
GQAL Class $512-0.3-0.6
Depth Soil Descriptions
0-03 Sand Clay Fine Pale Brown Refusal at 0.3m, rocks




WARATAH COAL | GalileeCoalProject- Environmental Impact Statement - August 2011

Soil Types
Site ID: SS28 Site Location: KP160
Regional Soil Type: Tenosol

Landform: Cdi4

Low hilly to strongly undulating elevated lands with some
steeper high hilly areas; rock outcrop isvery common
throughout: dominant soils are very shallow (6-18 in.) stony
gritty leached sands orsandy loams (Uc2.12). Less common
are similar stony loams (Um2.12) and (Um4.1). On some
slopesshallow stony duplex soils occur, chiefly (Dy3.41),
(Dy3.42), and similar (Dy2) soils. Throughoutthis unit there
Imay be small remnants of unit Tb119

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit na
SAR 0.01 na
EC 1 uS/cm na
Exchangeable Ca 0.1 meq/100g na
Exchangeable Mg 0.1 meqg/100g na
Exchangeable K 0.1 meqg/100g na
Exchangeable Na 0.1 meq/100g na
CEC 0.1 meqg/100g na
ESP (%) 0.001 na
Ca:Mg 0.1 na
Chloride 10 mg/kg na
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Tenosol
Map Reference -
Permeability Moderate
Drainage Low
Landform Undulating
Vegetation Sparse
Site Disturbance Nil
Microrelief nil
Erosion Moderate
PAWC <50mm
GQAL Class D
Depth Soil Descriptions

0-03 Silt Clay Fine Yellow Orange
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Soil Types
Site ID:  SS29 Site Location: KP165
Regional Soil Type: Tenosol
Landform: Cd14
Low hilly to strongly undulating elevated lands with some
steeper high hilly areas; rock outcrop isvery common
throughout: dominant soils are very shallow (6-18 in.) stony
gritty leached sands orsandy loams (Uc2.12). Less common
are similar stony loams (Um2.12) and (Um4.1). On some
slopesshallow stony duplex soils occur, chiefly (Dy3.41),
(Dy3.42), and similar (Dy2) soils. Throughoutthis unit there
may be small remnants of unit Tb119
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 6.2
SAR 0.01 2.55
EC 1 uS/cm 35
Exchangeable Ca 0.1 meqg/100g 14
Exchangeable Mg 0.1 meq/100g 0.6
Exchangeable K 0.1 meqg/100g 0.4
Exchangeable Na 0.1 meqg/100g ND
CEC 0.1 meq/100g 2.5
ESP (%) 0.001 3.2
Ca:Mg 0.1 2.3
Chloride 10 mg/kg 90
Emerson Crumb Class na

Soil & landform Elements

Refusal at 0.3m, rocks at surface

Regional Soil Type Tenosol
21°16'7.667" S 147°

Map Reference 32'52.376"E
Permeability High
Drainage Medium
Landform Alluvial depression
Vegetation Heavy vegetation
Site Disturbance Nil
Microrelief mild
Erosion Moderate
PAWC <50mm
GQAL Class D

Depth Soil Descriptions

0-0.3 Gravelly SAND, Fine to Medium grain, Pale Brown/Orange, Loose,
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Soil Types
Site ID:  SS30 Site Location: KP175
Regional Soil Type: Sodosol
Landform: Cdi4
Low hilly to strongly undulating elevated lands with some steeper
high hilly areas; rock outcrop isvery common throughout: dominant
soils are very shallow (6-18 in.) stony gritty leached sands orsandy
loams (Uc2.12). Less common are similar stony loams (Um2.12) and
(Um4.1). On some slopesshallow stony duplex soils occur, chiefly
(Dy3.41), (Dy3.42), and similar (Dy2) soils. Throughoutthis unit there
may be small remnants of unit Tb119
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 4.5
SAR 0.01 28.6
EC 1 pS/cm 2240
Exchangeable Ca 0.1 meq/100g 0.2
Exchangeable Mg 0.1 meq/100g 6.1
Exchangeable K 0.1 meq/100g 0.6
Exchangeable Na 0.1 meq/100g 8.2
CEC 0.1 meq/100g 15.2
ESP (%) 0.001 54.2
Ca:Mg 0.1 ND
Chloride 10 mg/kg 3020
Emerson Crumb Class na
Soil & landform Elements
Regional Soil Type Sodosol
Map Reference 21°19'16.264" S 147°27'13.439" E
Permeability Medium
Drainage Low
Landform Flat
Vegetation Heavy vegetation
Some clearing evident to the
Site Disturbance north for roadway
Microrelief mild
Erosion Low
PAWC <50mm
Soil forms 0
GQAL Class S$S13-0.3-0.6
Depth Soil Descriptions
0-03 Gravelly SAND, Fine to Medium grain, Pale to Dark Brown Orange, Loose, Refusal at 0.3m,
gravel subangular 9mm.
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Soil Types
Site ID:

Regional Soil Type:

SS31 Site Location: KP196
Sodosol

Landform: Mrl
IMountainous ranges with some narrow

undulating ridge crests: steep, sometimes rocky,

slopes ofacid leached yellow earths (Gn2.24 and

Gn2.44). Associated are red earths (Gn2.14),

loamy soilshaving an A2 horizon (Um4.2), and

possibly undescribed soils especially on the

undulating rangecrests. Data are limited

Sample Depth 0.0-0.3

Analytical Data MDL Analytical Result
pH 0.1 pH unit 6.9
SAR 0.01 3.13
EC 1 uS/cm 24
Exchangeable Ca 0.1 meq/100g ND
Exchangeable Mg 0.1 meq/100g 2.7
Exchangeable K 0.1 meq/100g ND
Exchangeable Na 0.1 meq/100g 0.4
CEC 0.1 meq/100g 3.3
ESP (%) 0.001 11.4
Ca:Mg 0.1 ND
Chloride 10 mg/kg 50
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Sodosol
Map Reference
Permeability Moderate
Drainage Low
Landform Undulating
Vegetation Sparse
Site Disturbance Nil
Microrelief mild
Erosion Low
PAWC 75-100mm
GQAL Class c
Depth Soil Descriptions
0-03 Silty gravelly SAND, Fine to Medium grain, Soft to Hard, Very Loose,
’ Orange, pisolites at surface
0.4-0.6 Silty Gravelly SAND, Fine to Medium grain, Hard. Very Loose, orange.
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Soil Types
Site ID:  SS32 Site Location: KP200
Regional Soil Type: Sodosol

Landform: Mrl

IMountainous ranges with some narrow undulating ridge
crests: steep, sometimes rocky, slopes ofacid leached yellow
earths (Gn2.24 and Gn2.44). Associated are red earths
(Gn2.14), loamy soilshaving an A2 horizon (Um4.2), and
possibly undescribed soils especially on the undulating
rangecrests. Data are limited

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 6.1
SAR 0.01 41.5
EC 1 uS/cm 368
Exchangeable Ca 0.1 meq/100g 1.7
Exchangeable Mg 0.1 meqg/100g 5.2
Exchangeable K 0.1 meq/100g ND
Exchangeable Na 0.1 meq/100g 2.6
CEC 0.1 meq/100g 9.4
ESP (%) 0.001 27.1
Ca:Mg 0.1 0.3
Chloride 10 mg/kg 570
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Sodosol
Map Reference 0
Permeability Moderate
Drainage Low
Landform Undulating
Vegetation Sparse
Site Disturbance Nil
Microrelief mild
Erosion Low
PAWC <50mm
GQAL Class B
Depth Soil Descriptions
0-0.3 Silt Sand Gravel Hard Orange Brown
0.4-0.6 Clay Sand Gravel Hard Pale Orange White Hard Very Loose saprolite in
0.6-0.9 Clay Sand Gravel Hard Orange Red Hard Very Loose
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Soil Types
Site ID:

SS33

Regional Soil Type:

Site Location:
Sodosol

KP205

Landform:

Mrl

IMountainous ranges with some narrow undulating ridge

crests: steep, sometimes rocky, slopes ofacid leached
yellow earths (Gn2.24 and Gn2.44). Associated are red
earths (Gn2.14), loamy soilshaving an A2 horizon
(Um4.2), and possibly undescribed soils especially on the
undulating rangecrests. Data are limited

Sample Depth

0.0-0.3

Analytical Data MDL Analytical Result
pH 0.1 pH unit 5.2
SAR 0.01 1.26
EC 1 uS/cm 45
Exchangeable Ca 0.1 meq/100g 0.9
Exchangeable Mg 0.1 meq/100g 0.4
Exchangeable K 0.1 meq/100g 0.1
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 1.5
ESP (%) 0.001 4.2
Ca:Mg 0.1 2.4
Chloride 10 mg/kg 90
Emerson Crumb Class na
Soil & landform Elements
Regional Soil Type Sodosol
Map Reference 21°32'20.953" S 147° 25' 16.563" E
Permeability Medium
Drainage High
Landform Flat
Vegetation Sparse vegetation
Site Disturbance Cleared to the west for roadway
Microrelief mild
Erosion Low
PAWC 125-150mm
GQAL Class B
Depth Soil Descriptions
0-0.3 Clay Silt Fine Pale Brown Orange Very Loose
Clay Silt Fine Pale Brown White Very Loose Profile
0.4-0.6 .
change at 0.5m, paler down the profile
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Soil Types
Site ID: SS34 Site Location: KP230
Regional Soil Type: Vertosol
ILandform: CC33
Level or very gently undulating clay plains with slight to moderate (1
2 ft) gilgai microrelief, occasionallystronger (2-4 ft). Where the unit
is adjacent to major streams many small braided channels occur
and Cthe area is subject to flooding. Dominant soils are deep grey
clays (Ug5.24), occasionally (Ug5.28 and uUg5.29), but areas of
deep brown clays are commonly associated (Ug5.34). In some areas
brownclays occur on the gilgai banks and grey clays in the
depressions. Closely associated throughout theunit are areas of
loamy duplex soils (Dy2.33), (Dy2.43), (Db1.33), (Db1.43), and
(Db1.13), particularlyadjacent to stream channels. As mapped, the
unit includes small slightly higher islands of sandy orloamy red
earths (Gn2.12 and Gn2.11), or less commonly yellow earths
(Gn2.22). The cracking clayshave the three reaction trends listed for
unit CC20
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 8.4
SAR 0.01 1.92
EC 1uS/cm 132
Exchangeable Ca 0.1 meq/100g 23.9
Exchangeable Mg 0.1 meq/100g 5.8
Exchangeable K 0.1 meq/100g 0.3
Exchangeable Na 0.1 meq/100g 0.4
CEC 0.1 meq/100g 30.4
ESP (%) 0.001 1.2
Ca:Mg 0.1 4.2
Chloride 10 mg/kg 130
Emerson Crumb Class 4

Soil & landform Elements

Regional Soil Type  |Vertosol

Map Reference 21°39'50.400" S 147° 21' 51.494" E
Permeability Medium
Drainage Low
Landform Alluvial depression
Vegetation Open forest
Site Disturbance Nil
Microrelief mild
Erosion Low
PAWC >150mm
GQAL Class C
Depth Soil Descriptions
0-0.3 Sandy CLAY, Fine to Medium grain,soft to hard, loose, Brown
0.3-0.6 Silty Sandy CLAY, Fine Sand, soft to hard, Dark Brown, subangular gravel 9mm

Sandy CLAY, Fine to Medium grain, soft to hard, Pale Brown, profile change at

0.6-0.9 0.7m, subangular gravel7mm
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Soil Types
Site ID: SS35 Site Location: KP245
Regional Soil Type: Tenosol

Landform: SI19

Moderate or occasionally strongly undulating lands:
dominant are extremely gravelly (quartz) loamy duplex soils
(Dy2.43) and (Dy2.33) with lesser (Dr2.43), (Dr2.33),
(Db1.33), (Db1.13), and (Dy3.43) soils. On some higher
ridges shallow gravelly loams occur (Um1.43) and (Um4.1),
less common are gravelly sands (Uc2.12). Small areas of
loamy red earths (Gn2.12) occur in the unit as mapped, and
there may be small areas of gravel-strewn moderately
gilgaied grey clays (Ug5.24) in lower sites

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit na
SAR 0.01 na
EC 1 uS/cm na
Exchangeable Ca 0.1 meq/100g na
Exchangeable Mg 0.1 meq/100g na
Exchangeable K 0.1 meq/100g na
Exchangeable Na 0.1 meq/100g na
CEC 0.1 meq/100g na
ESP (%) 0.001 na
Ca:Mg 0.1 na
Chloride 10 mg/kg na
Emerson Crumb Class 2

Soil & landform Elements

Regional Soil Type Tenosol
Map Reference 38'49.541"E
Permeability Low
Drainage Low
Landform Flat
Vegetation Heavy vegetation
Site Disturbance Nil
Microrelief mild
Erosion Low
PAWC <50mm
GQAL Class C
Depth Soil Descriptions

0-0.3 Silty CLAY, Dark Brown, Stiff humid soils, refusal at 0.3m.
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Soil Types
Site ID: SS36
Regional Soil Type:

Site Location: KP270

Vertosol

Landform: SI19

Moderate or occasionally strongly undulating lands:

dominant are extremely gravelly (quartz) loamy duplex soils
(Dy2.43) and (Dy2.33) with lesser (Dr2.43), (Dr2.33),
(Db1.33), (Db1.13), and (Dy3.43) soils. On some higher
ridges shallow gravelly loams occur (Um1.43) and (Um4.1),
less common are gravelly sands (Uc2.12). Small areas of
loamy red earths (Gn2.12) occur in the unit as mapped, and
there may be small areas of gravel-strewn moderately
gilgaied grey clays (Ug5.24) in lower sites

Sample Depth 0.0-0.3

Analytical Data MDL Analytical Result
pH 0.1 pH unit 7.9
SAR 0.01 1.29
EC 1 uS/cm 30
Exchangeable Ca 0.1 meq/100g 3.5
Exchangeable Mg 0.1 meq/100g 0.9
Exchangeable K 0.1 meq/100g 0.2
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meqg/100g 4.6
ESP (%) 0.001 1.7
Ca:Mg 0.1 4
Chloride 10 mg/kg 130
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Vertosol

Map Reference 0

Permeability Medium

Drainage Low

Landform Undulating

Vegetation Sparse

Site Disturbance Nil

Microrelief mild

Erosion Low

PAWC >150mm

GQAL Class B
Depth Soil Descriptions
0-0.3 Silt Clay Fine Dark Orange Soft minor roots
0.4-0.6 Silt Clay Fine Dark Red Orange Soft Minor roots, profile change at 0.5m
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Soil Types
Site ID:  SS37
Regional Soil Type:

Site Location: KP275

Vertosol

Landform: SI21
Gently undulating plains: dominant are loamy duplex soils with a slightly
ravel-strewn surface. The chief forms are (Dy2.43) and (Dy2.33) but
(Db1.33), (Db1.13), (Db1.43), and similar (Dy3) soils are often closely
associated. Also occurring are smaller areas of slightly gilgaied (1-2 ft) or
non-gilgaied grey clays (Ug5.24), or less commonly brown clays (Ug5.34).
In addition there are occasional low rises of loamy or sandy red earths
(Gn2.12) and yellow earths (Gn2.22). In some localities there may be
occasional high stony ridges with shallow stony soils (Uc1.21), (Uc2.12),
(Um1.41), and (Um4.1)

Sample Depth 0.0-0.3

Analytical Data MDL Analytical Result
pH 0.1 pH unit -
SAR 0.01 -
EC 1 uS/cm -

Exchangeable Ca
Exchangeable Mg
Exchangeable K
Exchangeable Na

0.1 meq/100g -
0.1 meq/100g -
0.1 meq/100g -
0.1 meq/100g -

CEC 0.1 meq/100g -
ESP (%) 0.001 -
Ca:Mg 0.1 -
Chloride 10 mg/kg -

Emerson Crumb Class -

Soil & landform Elements

Regional Soil Type Vertosol
Map Reference 0
Permeability Medium
Drainage Low
Landform Undulating
Vegetation Sparse
Site Disturbance Nil
Microrelief mild
Erosion Low
PAWC <50mm
GQAL Class -
Depth Soil Descriptions
Silty Gravelly CLAY, Fine to Medium texture, Brown, Soft to Hard, dry, Very
0-03 Loose, Minor roots, aggregates >6mm.
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Soil Types
Site ID:

Regional Soil Type:

SS38 Site Location: KP290
Vertosol
Landform: CC29

ILevel plains with moderate to strong gilgai microrelief (2 4 ft):
dominant soils are grey or light greydeep clays (Ug5.24) with
loamy duplex soils (Dy2.33) closely associated in non-gilgaied
sites. Smallflood-plains of (Dy2.43), (Dy3.43), and (Dd1.43)
occur adjacent to associated drainage lines. Included inthe
unit, as mapped, are small areas of loamy and sandy red earths
(Gn2.12 and Gn2.13) and yellowearths (Gn2.22). The cracking
clays have the three reaction trends listed for unit CC20

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 8.3
SAR 0.01 1.02
EC 1 uS/cm 124
Exchangeable Ca 0.1 meq/100g 16
Exchangeable Mg 0.1 meq/100g 0.9
Exchangeable K 0.1 meq/100g 0.9
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 17.9
ESP (%) 0.001 0.6
Ca:Mg 0.1 16.8
Chloride 10 mg/kg 220
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Vertosol
Map Reference 55.657"E
Permeability High
Drainage Low
Landform Flat
Vegetation No vegetation

Site Disturbance

Clearing and felling of trees for agriculture to the east

Microrelief mild
Erosion Low
PAWC >150mm
GQAL Class -
Depth Soil Descriptions
0-03 Silty CLAY, Brown, Soft, dry, Very Loose Minor roots
0.3-06 Silty CLAY, Pale Brown/Orange, Soft, dry, Very Loose, Minor roots, paler down
e the profile, profile change at 0.5m
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Soil Types
Site ID: SS39 Site Location: KP320
Regional Soil Type: Vertosol

Landform: My20

Level or very gently undulating plains: dominant soils are
loamy red earths (Gn2.12) with some loamyyellow earths
(Gn2.22). Lower landscape sites have a range of loamy
duplex soils, chiefly (Dr2.43),(Dr2.33), (Db1.33), (Dy2.43),
(Dy2.33), and (Dd1.33), and limited occurrences of gilgaied
clays (Ug5.24).Small flood-plains associated with drainage
lines have (Dr2.33) and (Dd1.33) soils, and occasionallysome

low sand dunes (Uc1.21, Uc1.22, and Uc1.23)

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 8.1
SAR 0.01 3.58
EC 1 uS/cm 170
Exchangeable Ca 0.1 meq/100g 22.9
Exchangeable Mg 0.1 meq/100g 5
Exchangeable K 0.1 meqg/100g 0.8
Exchangeable Na 0.1 meqg/100g 0.6
CEC 0.1 meq/100g 29.4
ESP (%) 0.001 2.2
Ca:Mg 0.1 45
Chloride 10 mg/kg 160
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Vertosol
Map Reference -
Permeability Medium
Drainage Low
Landform Undulating
Vegetation Sparse
Site Disturbance Cleared
Microrelief mild
Erosion Low
PAWC >150mm
GQAL Class A

Depth Soil Descriptions

0-0.3 Silty CLAY, Pale Grey/Brown

0.4-0.6 Silty CLAY, Pale Grey




WARATAH COAL |

Galilee Coal Project - Environmental Impact Statement - August 2011

Soil Types
Site ID:  SS40 Site Location: KP330
Regional Soil Type: Vertosol/Kandosol
Landform: My20
Level or very gently undulating plains: dominant soils are
loamy red earths (Gn2.12) with some loamyyellow earths
(Gn2.22). Lower landscape sites have a range of loamy
duplex soils, chiefly (Dr2.43),(Dr2.33), (Db1.33), (Dy2.43),
(Dy2.33), and (Dd1.33), and limited occurrences of gilgaied
clays (Ug5.24).Small flood-plains associated with drainage
lines have (Dr2.33) and (Dd1.33) soils, and occasionallysome
low sand dunes (Uc1.21, Uc1.22, and Uc1.23)
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit na
SAR 0.01 na
EC 1 puS/cm na
Exchangeable Ca 0.1 meq/100g na
Exchangeable Mg 0.1 meq/100g na
Exchangeable K 0.1 meq/100g na
Exchangeable Na 0.1 meq/100g na
CEC 0.1 meq/100g na
ESP (%) 0.001 na
Ca:Mg 0.1 na
Chloride 10 mg/kg na
Emerson Crumb Class 4

Soil & landform Elements

Regional Soil Type Vertosol/Kandosol
Map Reference 0
Permeability Medium
Drainage Low
Landform Undulating
Vegetation Sparse
Site Disturbance Cleared
Microrelief mild
Erosion Low
PAWC <50mm
GQAL Class -
Depth Soil Descriptions
Clayey SAND, Fine to Medium Grain, Brown, Soft to Stiff, dry/moist,
0-03 Loose to Medium Dense, sparce quartz 9mm, roots
Clayey SAND, Fine to Medium grain, Dark Brown, Soft to Stiff,
0.3-0.6 dry/moist, Loose to Medium Dense, sparce quartz 9mm, roots, refusal

at 0.6m, rocks
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Soil Types
Site ID:

Regional Soil Type:

SS41 Site Location: KP335
Vertosol/Kandosol
ILandform: Vd2

(Ug5.24)

Level or very gently undulating plains and broad shallow valleys
associated with drainage lines: dominantsoils have deep sandy A
horizons and are chiefly (Dy3.33) and (Dy3.43), but (Dy3.23), (Dy3.32),
andsimilar (Dy5) soils also occur. Smaller areas of loamy-surfaced
(Dy2.33) soils are associated withsome drainage lines. Included in the
unit as mapped are small areas of sandy yellow earths
(Gn2.22),(Gn2.62), and occasionally swampy depressions with clay soils

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 6.2
SAR 0.01 0.51
EC 1pS/cm 14
Exchangeable Ca 0.1 meq/100g 0.6
Exchangeable Mg 0.1 meq/100g 0.3
Exchangeable K 0.1 meq/100g 0.3
Exchangeable Na 0.1 meqg/100g ND
CEC 0.1 meq/100g 13
ESP (%) 0.001 0.9
Ca:Mg 0.1 1.9
Chloride 10 mg/kg 60

Emerson Crumb Class

na

Soil & landform Elements

Regional Soil Type Vertosol/Kandosol
Map Reference 0
Permeability Medium
Drainage Low
Landform Undulating
Vegetation Sparse
Site Disturbance Cleared
Microrelief mild
Erosion Low
PAWC >150mm
GQAL Class A
Depth Soil Descriptions
0-0.3 Clay Sand Fine Dark Orange Nil Soft Loose Minor roots, very sparce quartz 90mm
03-06 Clay Sand Gravel Fine to Medium Dark Orange Nil Soft Loose Minor roots, sparce
e quartz >7mm
Clay Sand Gravel Fine to Medium Pale Orange Nil Soft Loose Minor roots, quartz
0.6-0.9 )
>20mm, profile change at 0.7m
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Soil Types
Site ID:

Regional Soil Type:

SS42 Site Location: KP335
Kandosol
Landform: Vvd2

fLevelor very gently undulating plains and broad shallow valleys
associated with drainage lines: dominantsoils have deep sandy A horizons
and are chiefly (Dy3.33) and (Dy3.43), but (Dy3.23), (Dy3.32), andsimilar
1(Dy5) soils also occur. Smaller areas of loamy-surfaced (Dy2.33) soils are
associated withsome drainage lines. Included in the unit as mapped are
small areas of sandy yellow earths (Gn2.22),(Gn2.62), and occasionally
swampy depressions with clay soils (Ug5.24)

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 7
SAR 0.01 0.47
EC 1 uS/cm 65
Exchangeable Ca 0.1 meqg/100g 5.9
Exchangeable Mg 0.1 meqg/100g 14
Exchangeable K 0.1 meq/100g 0.4
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meqg/100g 7.8
ESP (%) 0.001 0.6
Ca:Mg 0.1 4.2
Chloride 10 mg/kg 210
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Kandosol

Map Reference 0

Permeability Medium

Drainage Low

Landform Undulating

Vegetation Sparse

Site Disturbance Cleared

Microrelief mild

Erosion Low

PAWC >150mm

GQAL Class A
Depth Soil Descriptions
0-0.3 Clayey SILT, Brown/Yellow, Soft to Firm, dry Loose, structureless soil
0.4-0.6 Clayey SILT, Orange/Brown, Soft to Hard, dry Loose
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Soil Types
Site ID:

SS43

Regional Soil Type:

Site Location:
Vertosol

KP350

ILandform:

Ms2

Very gently undulating or level plains: dominant soils are slightly
acid sandy yellow earths (Gn2.21)with lesser (Gn2.22). Ironstone
nodule layers often occur at moderate depths. Closely
associatedare yellow earthy sands (Uc5.22) and areas of deep
sandy red earths (Gn2.11 and Gn2.12). Small areasof loamy red
and yellow earths also occur and broad shallow drainage
depressions have sandy-surfacedduplex soils (Dy3.32, Dy3.42,
and Dy3.43) or other earth soils (Gn2.95) and (Gn2.35). Small low
hillyareas of unit Fz7 may be included

Sample Depth

0.0-0.3

Analytical Data MDL Analytical Result
pH 0.1 pH unit 8.6
SAR 0.01 1.14
EC 1 uS/cm 121
Exchangeable Ca 0.1 meq/100g 5.6
Exchangeable Mg 0.1 meq/100g 0.9
Exchangeable K 0.1 meq/100g 2
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 8.6
ESP (%) 0.001 0.8
Ca:Mg 0.1 6.3
Chloride 10 mg/kg 180
Emerson Crumb Class na

Soil & landform Elements

quartz >20mm, profile change at 0.6m

Regional Soil Type Vertosol
Map Reference 28.135" E
Permeability High
Drainage Low
Landform Flat
Vegetation Sparse vegetation
Clearing for roadways east
Site Disturbance and west
Microrelief mild
Erosion Low
PAWC >150mm
GQAL Class B
Depth Soil Descriptions
0-0.3 Clayey Gravelly SAND, Fine to Medium Grain, Pale Orange,Dry, Soft, Loose, Minor
’ roots, sparce quartz 9mm
Clayey Gravelly SAND, Fine to Medium, Dark Orange, Soft, Dry, Loose, Minor
0.3-0.6 )
roots, sparce quartz >20mm, profile change at 0.4m
0.6:0.9 Clayey Gravelly SAND, Fine to Medium, Dark Orange, Soft, dry, Loose, Minor roots,
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Soil Types
Site ID:

Regional Soil Type:

Ss44 Site Location: KP360
Vertosol/Kandosol

Landform: Ms2

Very gently undulating or level plains: dominant soils are

slightly acid sandy yellow earths (Gn2.21)with lesser

(Gn2.22). Ironstone nodule layers often occur at moderate

depths. Closely associatedare yellow earthy sands (Uc5.22)

and areas of deep sandy red earths (Gn2.11 and Gn2.12).

Small areasof loamy red and yellow earths also occur and

broad shallow drainage depressions have sandy-

surfacedduplex soils (Dy3.32, Dy3.42, and Dy3.43) or other

earth soils (Gn2.95) and (Gn2.35). Small low hillyareas of

unit Fz7 may be included

Sample Depth 0.0-0.3

Analytical Data MDL Analytical Result

pH 0.1 pH unit 7.4

SAR 0.01 0.48

EC 1 uS/cm 32

Exchangeable Ca 0.1 meq/100g 2.6

Exchangeable Mg 0.1 meq/100g 0.8

Exchangeable K 0.1 meq/100g 0.6

Exchangeable Na 0.1 meq/100g ND

CEC 0.1 meq/100g 4.1

ESP (%) 0.001 0.3

Ca:Mg 0.1 3.3

Chloride 10 mg/kg 70

Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type

Vertosol/Kandosol

Map Reference 0
Permeability High
Drainage Low
Landform Undulating
Vegetation Sparse
Site Disturbance Cleared
Microrelief mild
Erosion Low
PAWC <50mm
GQAL Class B
Depth Soil Descriptions
Sandy CLAY, Fine grain, Pale Orange, Soft, dry, Loose, Minor roots, sparce quartz 7mm
0-0.3
03-06 Sandy CLAY, Fine grain, Dark Orange, Soft, Dry, Loose, Minor roots, profile change at
- 0.4m
0.6-0.9 Sandy CLAY, Fine grain, Dark Orange, Soft, dry, Loose, Minor roots, quartz 7mm
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Soil Types

Site ID:  SS45 Site Location: KP375

Regional Soil Type: Vertosol
Landform: Ro5
Undulating lands: dominant are brown loamy duplex soils (Db1.33), (Db1.23),
and (Db1.43), oftenwith gravelly A horizons. Associated are red duplex soils
(Dr2.33) and (Dr2.23), and small areas ofcracking clays (Ug5.32) and
(Ug5.22). Other alkaline duplex soils with bleached A2 horizons also
occur,chiefly (Dy2) and (Dd1)
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 7.4
SAR 0.01 2.27
EC 1 uS/cm 49
Exchangeable Ca 0.1 meq/100g 3.2
Exchangeable Mg 0.1 meq/100g 1.5
Exchangeable K 0.1 meq/100g 0.2
Exchangeable Na 0.1 meq/100g 1
CEC 0.1 meq/100g 6
ESP (%) 0.001 17.7
Ca:Mg 0.1 2
Chloride 10 mg/kg 150
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Kandosol
Map Reference 22°47'26.275" S 146° 30' 46.831" E
Permeability Low
Drainage Medium
Landform Flat
Vegetation Sparse vegetation
Site Disturbance Cleared for roadways
Microrelief mild
Erosion Low
PAWC >150mm
GQAL Class A
Depth Soil Descriptions
0-03 Sandy Silty CLAY, Finesand, Dark Brown/Orange, Soft to Stiff, Dry to moist, Loose to Medium Dense, Minor
e roots.
0.3-0.6 Sandy Silty CLAY, Fine sand, Dark Brown/Orange, Soft, Dry, Loose Minor roots.
0.6-0.9 Sandy Silty CLAY, Fine Sand, Pale Orange, Soft, Loose, Minor roots, dry soils, profile change at 0.8m, paler
R and drier down the profile
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Soil Types

Site ID: SS46 Site Location: KP375

Regional Soil Type: Kandosol
Landform: Qal5
Moderately or, less commonly, strongly undulating lands with occasional
isolated hills surrounded by strongly dissected steep slopes; limited rock
loutcrop may occur throughout: very occasional small areas of dark clays or
red-brown clays may also be included in the unit. Dominant are loamy red
duplex soils of shallow to moderate depth (18-30in.).
Sample Depth | 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 6.8
SAR 0.01 0.77
EC 1uS/cm 26
Exchangeable Ca 0.1 meq/100g 2.1
Exchangeable Mg 0.1 meq/100g 0.3
Exchangeable K 0.1 meq/100g 0.3
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 2.7
ESP (%) 0.001 0.7
Ca:Mg 0.1 6.3
Chloride 10 mg/kg 70
Emerson Crumb Class 3

Soil & landform Elements

Regional Soil Type Kandosol
Map Reference 22°47'26.275" S 146° 30' 46.831" E
Permeability Low
Drainage Medium
Landform Flat
Vegetation Sparse vegetation
Site Disturbance Cleared for roadways
Microrelief mild
Erosion Low
PAWC >150mm
GQAL Class A
Depth Soil Descriptions
0-03 Silty CLAY, Orange/Brown, Soft, Dry, Loose, Minor roots, profile change at 0.2m,darker and richer
' orange/red down the profile
0.3-0.6 Silty CLAY, Dark Orange, Soft, Dry, Loose, Minor roots
0.6-0.9 Silty CLAy, Dark Orange, Soft, Dry, Loose, Minor roots.
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Soil Types
Site ID:

Regional Soil Type:

SS47 Site Location: Mine
Kandosol

Landform: Ro5

Jundulating lands: dominant are brown loamy duplex soils

(Db1.33), (Db1.23), and (Db1.43), oftenwith gravelly A

Jhorizons. Associated are red duplex soils (Dr2.33) and

(Dr2.23), and small areas ofcracking clays (Ug5.32) and

(Ug5.22). Other alkaline duplex soils with bleached A2

Jhorizons also occur,chiefly (Dy2) and (Dd1)

Sample Depth 0.0-0.3

Analytical Data MDL Analytical Result

pH 0.1 pH unit 6

SAR 0.01 1.19

EC 1 uS/cm 98

Exchangeable Ca 0.1 meq/100g 7.2

Exchangeable Mg 0.1 meq/100g 3.2

Exchangeable K 0.1 meq/100g 0.9

Exchangeable Na 0.1 meq/100g 0.1

CEC 0.1 meq/100g 11.5

ESP (%) 0.001 1.2

Ca:Mg 0.1 2.2

Chloride 10 mg/kg 250

Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Kandosol

Map Reference -

Permeability Medium

Drainage Low

Landform Undulating

Vegetation Sparse

Site Disturbance Cleared

Microrelief mild

Erosion Low

PAWC 100-125mm

GQAL Class A

Depth Soil Descriptions
0-03 Silty CLAY, Red/Brown, Soft, dry, Loose.
0.4-0.6 Silty CLAY, Red, Soft, dry, Loose.
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Soil Types
Site ID:

5548

Regional Soil Type:

Site Location: Mine
Kandosol

Landform:

Ms2

Very gently undulating or level plains: dominant soils are slightly acid
sandy yellow earths (Gn2.21)with lesser (Gn2.22). Ironstone nodule layers
often occur at moderate depths. Closely associatedare yellow earthy
sands (Uc5.22) and areas of deep sandy red earths (Gn2.11 and Gn2.12).
Small areasof loamy red and yellow earths also occur and broad shallow
drainage depressions have sandy-surfacedduplex soils (Dy3.32, Dy3.42,
and Dy3.43) or other earth soils (Gn2.95) and (Gn2.35). Small low

hillyareas of unit Fz7 may be included

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 5.9
SAR 0.01 6.38
EC 1 uS/cm 61
Exchangeable Ca 0.1 meq/100g 14
Exchangeable Mg 0.1 meq/100g 1
Exchangeable K 0.1 meq/100g 0.2
Exchangeable Na 0.1 meqg/100g 0.4
CEC 0.1 meq/100g 2.9
ESP (%) 0.001 12
Ca:Mg 0.1 1.4
Chloride 10 mg/kg 140
Emerson Crumb Class 2
Soil & landform Elements

Regional Soil Type Kandosol

Map Reference 23°7'46.676" S 146° 30' 10.183" E
Permeability Medium

Drainage High

Landform Flat

Vegetation Heavy vegetation

Site Disturbance Major clearings to the west and east
Microrelief mild

Erosion Low

PAWC >150mm

GQAL Class A

Depth Soil Descriptions
0-0.3 Sandy CLAY, Fine Sand, Pale Brown, Soft to Stiff, dry, Loose,
0.4-0.6 Sandy GRAVEL, Fine sand, Dark Brown, Soft, Dry, Loose,

Roots, profile change at 0.6m, aggregates>20mm, profile
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Soil Types Kandosol

Site ID:

Regional Soil Type:

SS49 Site Location: Mine
Kandosol
ILandform: Fz7

Strongly undulating to low hilly lands: dominant soils are
shallow stony loams (Um1.43) and (Um1.41),Um4.1), and
(UmS5.5). Associated are shallow sandy soils (Uc2.12),
(Uc3.12), and (Uc1.21). On someslopes shallow duplex soils
(Dr2.33), (Dr2.32), (Dy3.43), and (Dy3.42) occur; in valley
floors deepersandy soils (Uc1.21 and Uc1.23) and (Uc5.21 and
Uc5.22) occur. Small areas of sandy red earths(Gn2.12 and
Gn2.11) and yellow earths (Gn2.22 and Gn2.21) are also
included in the unit

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 6
SAR 0.01 1.51
EC 1 uS/cm 15
Exchangeable Ca 0.1 meq/100g 1
Exchangeable Mg 0.1 meq/100g 0.7
Exchangeable K 0.1 meq/100g 0.1
Exchangeable Na 0.1 meq/100g 0.2
CEC 0.1 meq/100g 2
ESP (%) 0.001 11.2
Ca:Mg 0.1 1.4
Chloride 10 mg/kg 40
Emerson Crumb Class 2
Soil & landform Elements
Regional Soil Type Kandosol
Map Reference 23°23'11.568" S 146° 31' 21.637" E
Permeability Low
Drainage Medium
Landform Flat
Vegetation Open forest
Site Disturbance Nil
Microrelief mild
Erosion Low
PAWC >150mm
GQAL Class C
Depth Soil Descriptions
Sandy CLAY, Fine sand, Brown Orange, Hard, Dry, Loose, roots, sparce gravel,
0-0.3 subangular 9mm
Clayey gravelly SAND, Fine to Medium Sand, Orange/Yellow, Friable, dry,
0.3-0.6 Loose, roots, profile change at 0.5m, gravels subangular 9mm

Appendix 6 - Soils and Geology
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Soil Types
Site ID:

Regional Soil Type:

SS50 Site Location: Mine
Kandosol
ILandform: Fz7
Strongly undulating to low hilly lands: dominant soils are
shallow stony loams (Um1.43) and (Um1.41),Um4.1), and
J(Um5.5). Associated are shallow sandy soils (Uc2.12),
(Uc3.12), and (Uc1.21). On someslopes shallow duplex soils
(Dr2.33), (Dr2.32), (Dy3.43), and (Dy3.42) occur; in valley
Ifloors deepersandy soils (Uc1.21 and Uc1.23) and (Uc5.21
and Uc5.22) occur. Small areas of sandy red earths(Gn2.12
and Gn2.11) and yellow earths (Gn2.22 and Gn2.21) are
also included in the unit
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 6.2
SAR 0.01 0.75
EC 1 uS/cm 9
Exchangeable Ca 0.1 meq/100g 0.7
Exchangeable Mg 0.1 meq/100g 0.4
Exchangeable K 0.1 meq/100g 0.1
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 1.2
ESP (%) 0.001 2.3
Ca:Mg 0.1 1.8
Chloride 10 mg/kg 20
Emerson Crumb Class na
Soil & landform Elements
Regional Soil Type Kandosol
Map Reference 23°23'43.451" S 146° 28' 2.820" E
Permeability Low
Drainage Medium
Landform Flat
Vegetation Sparse vegetation
Site Disturbance Clearing is evident
Microrelief mild
Erosion Low
PAWC >150mm
GQAL Class C
Depth Soil Descriptions
Clayey Sandy GRAVELS, Friable, Pale Orange, Hard, Dry, Loose, clayey sandy
0-03 gravels. roots, aggregates >60mm
Clayey Sandy GRAVELS, Fine sand, Dark Red/Orange, Soft, Dry, Loose, roots,
0.3-0.6 profile change at 0.4m, aggregates>20mm
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Soil Types
Site ID:  SS51 Site Location: Mine
Regional Soil Type: Kandosol
Landform: Fz7
Strongly undulating to low hilly lands: dominant soils are
shallow stony loams (Um1.43) and (Um1.41),Um4.1), and
(Um5.5). Associated are shallow sandy soils (Uc2.12),
(Uc3.12), and (Uc1.21). On someslopes shallow duplex soils
(Dr2.33), (Dr2.32), (Dy3.43), and (Dy3.42) occur; in valley
floors deepersandy soils (Uc1.21 and Uc1.23) and (Uc5.21
and Uc5.22) occur. Small areas of sandy red earths(Gn2.12
and Gn2.11) and yellow earths (Gn2.22 and Gn2.21) are also
included in the unit
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit na
SAR 0.01 na
EC 1 puS/cm na
Exchangeable Ca 0.1 meqg/100g na
Exchangeable Mg 0.1 meq/100g na
Exchangeable K 0.1 meqg/100g na
Exchangeable Na 0.1 meqg/100g na
CEC 0.1 meq/100g na
ESP (%) 0.001 na
Ca:Mg 0.1 na
Chloride 10 mg/kg na
Emerson Crumb Class 2

Soil & landform Elements

Regional Soil Type Kandosol
Map Reference -
Permeability Medium
Drainage Low
Landform Undulating
Vegetation Sparse
Site Disturbance Cleared
Microrelief mild
Erosion Low
PAWC <50mm
GQAL Class 0
Depth Soil Descriptions
0-03 Clayey SILT, dark brown A horizon and pale

grey B horizon composite sample
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Soil Types
Site ID: SS52 Site Location: Mine
Regional Soil Type: Kandosol
ILandform: Fz7
Strongly undulating to low hilly lands: dominant soils are shallow
stony loams (Um1.43) and (Um1.41),Um4.1), and (Um5.5).
Associated are shallow sandy soils (Uc2.12), (Uc3.12), and (Uc1.21).
On someslopes shallow duplex soils (Dr2.33), (Dr2.32), (Dy3.43),
and (Dy3.42) occur; in valley floors deepersandy soils (Uc1.21 and
JUc1.23) and (Uc5.21 and Uc5.22) occur. Small areas of sandy red
earths(Gn2.12 and Gn2.11) and yellow earths (Gn2.22 and Gn2.21)
are also included in the unit
Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit na
SAR 0.01 na
EC 1uS/cm na
Exchangeable Ca 0.1 meq/100g na
Exchangeable Mg 0.1 meq/100g na
Exchangeable K 0.1 meq/100g na
Exchangeable Na 0.1 meq/100g na
CEC 0.1 meq/100g na
ESP (%) 0.001 na
Ca:Mg 0.1 na
Chloride 10 mg/kg na
Emerson Crumb Class na
Soil & landform Elements
Regional Soil Type Kandosol
Map Reference -
Permeability Medium
Drainage Low
Landform Undulating
Vegetation Sparse
Site Disturbance Cleared
Microrelief mild
Erosion Low
PAWC <50mm
GQAL Class na
Depth Soil Descriptions
Silty Clay, Dark Red/Orange, Soft, Dry, Very Loose, Minor roots, profile change at
0-0.5 0.5m
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Soil Types Kandosol

Site ID: SS53 Site Location: Mine
Regional Soil Type: Kandosol
ILandform: Fz7

Strongly undulating to low hilly lands: dominant soils
are shallow stony loams (Um1.43) and
(Um1.41),Um4.1), and (Um5.5). Associated are
shallow sandy soils (Uc2.12), (Uc3.12), and (Ucl.21).
On someslopes shallow duplex soils (Dr2.33),
(Dr2.32), (Dy3.43), and (Dy3.42) occur; in valley
floors deepersandy soils (Uc1.21 and Uc1.23) and
(Uc5.21 and Uc5.22) occur. Small areas of sandy red
earths(Gn2.12 and Gn2.11) and yellow earths
(Gn2.22 and Gn2.21) are also included in the unit

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 6.8
SAR 0.01 0.21
EC 1 uS/cm 37
Exchangeable Ca 0.1 meq/100g 4.2
Exchangeable Mg 0.1 meq/100g 1.2
Exchangeable K 0.1 meq/100g 0.5
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 5.8
ESP (%) 0.001 ND
Ca:Mg 0.1 3.6
Chloride 10 mg/kg 60
Emerson Crumb Class 0

Soil & landform Elements

Regional Soil Type Kandosol
Map Reference 23°30'19.324" S 146° 31' 7.758" E
Permeability Medium
Drainage High
Landform Flat
Vegetation No vegetation
Site Disturbance Cleared
Microrelief mild
Erosion Low
PAWC <50mm
GQAL Class C
Depth Soil Descriptions
Silty clay, hard, non plastic, dark brown underlain by soft silty clay, non plastic with
0-0.3 orange and red colour
0.-0.6 ClaySiltFIneDarkOrangeRedSoftLooseroots, profile change at 0.4m,aggregates>
T 20mm
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Soil Types  Kandosol

Site ID: SS54 Site Location: Mine
Regional Soil Type: Kandosol
ILandform: Fz7

Strongly undulating to low hilly lands: dominant
soils are shallow stony loams (Um1.43) and
(Um1.41),Um4.1), and (Um5.5). Associated are
shallow sandy soils (Uc2.12), (Uc3.12), and
(Uc1.21). On someslopes shallow duplex soils
(Dr2.33), (Dr2.32), (Dy3.43), and (Dy3.42) occur; in
valley floors deepersandy soils (Uc1.21 and Uc1.23)
and (Uc5.21 and Uc5.22) occur. Small areas of
sandy red earths(Gn2.12 and Gn2.11) and yellow
earths (Gn2.22 and Gn2.21) are also included in the

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 6.5
SAR 0.01 0.34
EC 1 uS/cm 15
Exchangeable Ca 0.1 meq/100g 2
Exchangeable Mg 0.1 meq/100g 0.7
Exchangeable K 0.1 meq/100g 0.2
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 2.9
ESP (%) 0.001 ND
Ca:Mg 0.1 2.9
Chloride 10 mg/kg 50
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Kandosol
Map Reference 23°25'35.585" S 146° 26' 39.533" E
Permeability Low
Drainage High
Landform Flat
Vegetation Heavy vegetation
Site Disturbance Cleared to the east
Microrelief mild
Erosion Low

PAWC >150mm
GQAL Class C

Depth Soil Descriptions

Sandy Clay, fine to medium grain, hard, non plastic, brown underlain by silty

003 clay, soft, non plastic, orange.

ClaysSiltFine NilOrangeSoftLooseroots, profile change at 0.4m,aggregates>

0.3-06 20mm
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Appendix 6 - Soils and Geology

Soil Types
Site ID:

SS55

Regional Soil Type:

Site Location:
Kandosol/Rudosol

Mine

ILandform:

Fz7

Strongly undulating to low hilly lands: dominant soils

are shallow stony loams (Um1.43) and

(Um1.41),Um4.1), and (Um5.5). Associated are
shallow sandy soils (Uc2.12), (Uc3.12), and (Uc1.21).

On someslopes shallow duplex soils (Dr2.33),

(Dr2.32), (Dy3.43), and (Dy3.42) occur; in valley
floors deepersandy soils (Uc1.21 and Uc1.23) and
(Uc5.21 and Uc5.22) occur. Small areas of sandy red

earths(Gn2.12 and Gn2.11) and yellow earths

(Gn2.22 and Gn2.21) are also included in the unit

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit na
SAR 0.01 na
EC 1 uS/cm na
Exchangeable Ca 0.1 meq/100g na
Exchangeable Mg 0.1 meq/100g na
Exchangeable K 0.1 meq/100g na
Exchangeable Na 0.1 meq/100g na
CEC 0.1 meq/100g na
ESP (%) 0.001 na
Ca:Mg 0.1 na
Chloride 10 mg/kg na
Emerson Crumb Class na
Soil & landform Elements
Regional Soil Type Kandosol
Map Reference -
Permeability Medium
Drainage Low
Landform Undulating
Vegetation Sparse
Site Disturbance Cleared
Microrelief mild
Erosion Low
PAWC >150mm
GQAL Class -
Depth Soil Descriptions
Clayey Gravelly SAND, Fine to Medium Sand, Orange/Yellow, Hard to Soft, Dry
003 Loose
Silty CLAY, Dark Red, Hard to Soft, Dry, Loose, roots, profile change at 0.5m,
0.3-0.6 aggregates >20mm.
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Soil Types

Site ID:  SS56 Site Location: Mine

Regional Soil Type: Kandosol/Rudosol
Landform: Fz7

Strongly undulating to low hilly lands:
dominant soils are shallow stony loams
(Um1.43) and (Um1.41),Um4.1), and
(UmS5.5). Associated are shallow sandy
soils (Uc2.12), (Uc3.12), and (Uc1.21). On
someslopes shallow duplex soils (Dr2.33),
(Dr2.32), (Dy3.43), and (Dy3.42) occur; in
valley floors deepersandy soils (Uc1.21
and Uc1.23) and (Uc5.21 and Uc5.22)
occur. Small areas of sandy red
earths(Gn2.12 and Gn2.11) and yellow

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 6.5
SAR 0.01 0.39
EC 1uS/cm 28
Exchangeable Ca 0.1 meq/100g 0.8
Exchangeable Mg 0.1 meq/100g 1.3
Exchangeable K 0.1 meq/100g 0.7
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 2.8
ESP (%) 0.001 0.6
Ca:Mg 0.1 0.6
Chloride 10 mg/kg 80
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Kandosol/Rudosol
Map Reference 23°21'4.510" S 146° 17' 54.884" E
Permeability Medium
Drainage High

Landform Flat

Vegetation Sparse vegetation
Site Disturbance Cleared
Microrelief mild

Erosion Low

PAWC >150mm

GQAL Class C

Depth Soil Descriptions

0-0.3 Loose to Medium Dense, sparce quartz 9mm, roots

Sandy CLAY, Fine to Medium Sand, Brown, Soft to Stiff, Dry/Moist,
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Soil Types
Site ID: SS57 Site Location: Central mine site
Regional Soil Type: Kandosol

ILa ndform: Fz7

Strongly undulating to low hilly lands: dominant soils
are shallow stony loams (Um1.43) and
(Um1.41),Um4.1), and (Um5.5). Associated are
shallow sandy soils (Uc2.12), (Uc3.12), and (Ucl.21).
On someslopes shallow duplex soils (Dr2.33),
(Dr2.32), (Dy3.43), and (Dy3.42) occur; in valley
floors deepersandy soils (Uc1.21 and Uc1.23) and
(Uc5.21 and Uc5.22) occur. Small areas of sandy red
earths(Gn2.12 and Gn2.11) and yellow earths
(Gn2.22 and Gn2.21) are also included in the unit

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 6.2
SAR 0.01 0.31
EC 1 uS/cm 17
Exchangeable Ca 0.1 meq/100g 2.1
Exchangeable Mg 0.1 meq/100g 0.6
Exchangeable K 0.1 meq/100g 0.4
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 3.1
ESP (%) 0.001 ND
Ca:Mg 0.1 3.2
Chloride 10 mg/kg 20
Emerson Crumb Class na

Soil & landform Elements

Regional Soil Type Kandosol
Map Reference 23°31'40.244" S 146° 23' 33.449" E
Permeability Medium
Drainage Moderate
Landform Flat
Vegetation Sparse vegetation
Site Disturbance Cleared
Microrelief mild
Erosion Low
PAWC >150mm
GQAL Class C
Depth Soil Descriptions
Silty CLAY,Dark Brown/Orange, Hard, Dry, Loose, roots, profile change at 0.5m,
0-0.3 aggregates >60mm

0.3-0.6 Silty CLAY, Dark Orange/Red, Dry, Loose, roots, aggregates> 20mm
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sandy yellow earths

Gently undulating lands with broad ridge crests and low rises:
dominant soils are loamy or occasionallyandy red earths
(Gn2.12), less often (Gn2.11). Associated are lesser loamy or

Soil Types
Site ID: SS58 Site Location: Central west of Mine site
Regional Soil Type: Kandosol

ILandform: My26

Sample Depth 0.0-0.3
Analytical Data MDL Analytical Result
pH 0.1 pH unit 5.7
SAR 0.01 0.51
EC 1 pS/cm 7
Exchangeable Ca 0.1 meqg/100g 0.9
Exchangeable Mg 0.1 meq/100g 0.9
Exchangeable K 0.1 meqg/100g 0.3
Exchangeable Na 0.1 meq/100g ND
CEC 0.1 meq/100g 2.2
ESP (%) 0.001 1.1
Ca:Mg 0.1 1
Chloride 10 mg/kg 40
Emerson Crumb Class
Soil & landform Elements
Regional Soil Type Kandosol

23°27'14.093" S 146° 16' 49.133"
Map Reference E
Permeability Low
Drainage High
Landform Flat
Vegetation Heavy vegetation
Site Disturbance Nil
Microrelief mild
Erosion Low
PAWC >150mm
GQAL Class A
Depth Soil Descriptions

0-0.3

Sandy Clay, fine to medium grain, dry hard, loose, non plastic
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