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1 Introduction

The Narrabri Mine is located approximately 25 kilometres (km) south-east of Narrabri
and approximately 60 km north-west of Gunnedah within the Narrabri Shire Council
Local Government Area of New South Wales (NSW) (Figure 1). The Narrabri Mine
is operated by Narrabri Coal Operations Pty Limited (NCOPL).

NCOPL is seeking a new Development Consent under the State Significant
Development provisions of Part 4 of the NSW Environmental Planning and
Assessment Act, 1979 for the Narrabri Underground Mine Stage 3 Extension Project
(the Project). This Geochemistry Assessment forms part of the Environmental Impact
Statement (EIS) which has been prepared to accompany the Development Application
for the Project. The Secretary’s Environmental Assessment Requirements (SEARS)
state the following requirement in regard to the geochemistry assessment:

¢ identification, quantification and classification of the likely waste streams
likely to be generated (including tailings and course (sic) rejects) during
construction and operation, and describe the measures to be implemented to
manage, reuse, recycle and safely dispose of this waste.

This report has also considered the following general requirement of the SEARs:
e awaste (overburden, coarse rejects, tailings, brine etc.) management strategy.

This report presents the results and findings of the geochemistry assessment and
identifies any geochemical implications for the key mine material types, and provides
recommendations for the waste management strategy pursuant to the SEAR’s
requirements.

The brine management strategy is outlined in the Surface Water Assessment (WRM
Water and Environment Pty Ltd [WRM], 2020) and the Groundwater Assessment
(Australasian Groundwater and Environmental Consultants, 2020).

1.1 Project Description

The Project involves an extension to the south of the approved underground mining
area to gain access to additional coal reserves within Mining Lease
Applications (MLAs) 1 and 2 (Figure 2), an extension of the mine life to 2044 and
development of supporting surface infrastructure. Run-of-mine coal production would
occur at a rate of up to 11 million tonnes per annum, consistent with the currently
approved limit. A detailed description of the Project is provided in Section 2 in the
Main Report of the EIS.

Geo-Environmental Management Pty Ltd
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1.2 Study Objectives

The objectives of the study were to:

1.

Review the relevant information for the Project, including mine plans, drill hole
locations, drill logs and stratigraphy, and identify the source materials available
to provide the required samples for assessment.

Select samples to be collected for the Project that are representative of:

o development waste — representative of rock material that may be
encountered during development activities;

o mine rock — floor and roof rock that would be representative of material
remaining in the underground workings;

o coarse reject — representative of waste material generated during the
processing of coal;

o raw coal — representative of the coal directly extracted from underground
workings;

o product coal — representative of the processed saleable coal; and

o exploration drill hole waste — representative of rock material that would be
encountered during exploration drilling.

Design a testing program and identify suitable analytical laboratories to assess
the salinity, acid forming potential and metal enrichment and solubility of the
samples selected in Item 2 above.

Provide NCOPL with clear instructions to enable on-site and laboratory
personnel as required to collect, bag and dispatch the required samples.

Coordinate testing of the samples for the required parameters and laboratories
identified in Item 3.

Receive, tabulate and evaluate the test work results.

Prepare a geochemistry assessment report which summarises the relevant results
of any previous geochemistry assessments, and describes in detail the sampling
and geochemistry test work performed for this Project (Items 1 to 6 above).
Using this information, the report evaluates the implications for environmental
management, including the acid forming potential, salinity, and metal
enrichment and solubility risks associated with the Project.

Geo-Environmental Management Pty Ltd
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2 Regional Geology

The Narrabri Mine is located near the northern and western boundaries of the
Gunnedah Basin and the eastern margin of the Surat Basin. The stratigraphy of the
Narrabri Mine is characterised by two main geological basins (Figures 3a and 3b):

e Surat Basin Units of Jurassic age which include Pilliga Sandstone, Purlawaugh
Formation and Garrawilla VVolcanics; and

e Gunnedah Basin Units, comprising:
o Napperby and Digby Formations of Triassic age; and

o Permian coal measures within the Black Jack Group which includes
Hoskissons Seam, Melvilles Seam, and Arkarula and Pamboola
Formations. Locally, these coal measures are characterised by an east
(shallowest) to west (deepest) gradient (or dip).

Coal resources at the Narrabri Mine are hosted by the Hoskissons Seam, typically
comprising thermal quality coal with a medium to low ash content. The depth of the
seam varies from approximately 160 metres (m) to 420 m generally increasing towards
the west of the Mining Lease (ML1609) and MLAs 1 and 2 (Ditton Geotechnical
Services, 2020). A 4.3 m working section from the base of the seam has been defined
for the Hoskissons Coal resource. The coal from this working section is considered to
be a low to medium ash (8 to 15 per cent [%]) medium volatile (30%) thermal and
pulverised coal injection (PCI) product.

Geo-Environmental Management Pty Ltd
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3 Related Investigations

3.1 Geochemical Investigations

Table 1 provides a summary of the recent geochemical investigations conducted for
current and planned coal mines within the Gunnedah Basin, including the Narrabri
Mine (Geo-Environmental Management Pty Ltd [GEM], 2012a and 2019), the
Boggabri Coal Mine Continuation (RGS Environmental Pty Ltd, 2009), the
Tarrawonga Coal Mine Modification (GEM, 2010), the Tarrawonga Coal Mine (GEM,
2011), the Maules Creek Project (RGS Environmental Pty Ltd, 2011), and the Vickery
Coal Project (GEM, 2012b) and Vickery Extension Project (GEM, 2018).

3.1.1 Narrabri Mine

Coarse reject at the Narrabri Mine is disposed of in the Reject Emplacement Area
(Figure 4) and this material is expected to typically be NAF with significantly
enriched concentrations of As and Se. The contained Se is expected to be readily
soluble while the As is expected to be relative insoluble. Although the coarse reject
discharged from the CHPP is expected to be non-saline, the reject deposited within
the Reject Emplacement Area is typically expected to be moderately to highly saline,
indicating that when left exposed to weathering for a period, this material is expected
to develop saline conditions. The deposited coarse reject material characterised
during the previous investigations was also found to be enriched with Sb.

3.1.2 Other Mining Operations

The Tarrawonga, Vickery, Boggabri and Maules Creek operations are all open-cut
mines targeting seams of the Maules Creek Formation, the primary coal bearing unit
of the Maules Creek Sub-Basin. The Maules Creek Formation is situated
stratigraphically below the Hoskissons Seam of the Black Jack Group (GEM 2010,
2011, 2012b and 2018) and the geochemical characteristics of the overburden from
these operations provides information on the potential geochemical characteristics of
the Project’s development waste.

Overburden to the coal seams of the Maules Creek Formation is characteristically
non-saline and NAF. This material exhibits slightly enriched concentrations of As and
Sb, and to a lesser extent molybdenum (Mo), and significantly enriched concentrations
of Se. Leach testing indicates that high concentrations of dissolved Se in leachates
from the overburden is attributed to the flushing of readily soluble Se (GEM 2010,
2011, 2012b and 2018).

Geo-Environmental Management Pty Ltd
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Table 1: Summary of geochemical investi

gations conducted on current and planned coal mines in the Gunnedah Basin.

expected to be relatively soluble under the alkaline test conditions.

The coarse rejects are expected to be enriched in arsenic and selenium.

Project ;2;%?; Samples Analyses Findings and Recommendations Reference
Narrabri Hoskissons | 21 Stockpiled pH & EC The coarse rejects are non-saline and NAF with a low to moderate sulfur Environmental
Mine Coal Coarse Acid-Base content and ANC. Geochemistry
Rejects Assessment of Coarse
NAG Test The coarse rejects are expected to be significantly enriched in arsenic and Rejects from the
Multi- selenium, and the selenium is expected to be readily soluble, most likely due Narrabri Mine, New
Elements to flushing of relatively high concentrations of dissolved selenium. South Wales (Sep'12).
Geo-Environmental
Management Pty Ltd
Narrabri Hoskissons | 31 Disposed pH & EC The stockpiled rejects are alkaline, and generally only slightly saline, while the | Environmental
Mine Coal Coarse . rejects deposited within the REA are moderately to highly saline. The Geochemistry
. Acid-Base . . o . - oS -
Rejects stockpiled capping material is relatively alkaline with high salinity. Assessment for the
5 Stockpiled ABCC Reject Emplacement
gogrse Extend Boll The stockpiled and REA rejects are NAF with a low sulfur content and A(ea, Narrabri Coal
ejects . : . L Mine, Update Report
NAG moderate to high ANC, and the stockpiled capping material is NAF and (Oct'19). Geo-
25 Capping Multi- considered barren in terms of acid generation and neutralisation. Environr.nental
Material Elements Management Pty Ltd
Leach Tests
Tarrawonga | Maules 29 Overburden | pH & EC The overburden is relatively alkaline and non-saline, and is expected to be Geochemistry
Mine Creek . NAF and barren in terms of acid generation and neutralisation. Assessment of
. Acid-Base .
Formation Tarrawonga Coal Mine
NAG Test The overburden is enrichment in arsenic, antimony and selenium, and arsenic | Modification, New South
Multi- and selenium were found to be relatively soluble under the alkaline test Wales (Mar'10). Geo-
Elements conditions. Environmental
Management Pty Ltd
Tarrawonga | Maules 119 Overburden | pH & EC The overburden is relatively alkaline and non- to slightly saline. Tarrawonga Coal
Mine Creek . . Project — Geochemistry
: Acid-Base The bulk of the overburden is expected to be NAF, however one sample
Formation - : : Assessment of
representing the conglomerate and located immediately above Seam 2 (roof
NAG Test rock) was classified as PAF-LC Overburden, Interburden
. . ; - : . . L . and Coarse Rejects
Multi- Consistent with the findings from previous investigations, the overburden is .
: . . . . : . (Sep'll). Geo-
Elements enriched in arsenic, antimony and selenium, and arsenic and selenium are

Environmental
Management Pty Ltd

Geo-Environmental Management Pty Ltd
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Table 1: Summary of

eochemical investigations conducted on current and planned coal mines in the Gunnedah Basin. CONTINUED

Target

Multi-Elements

lithology materials.

The overburden is enriched in arsenic, boron, antimony and selenium, and
arsenic, molybdenum and antimony are expected to be relatively soluble
under the near neutral test pH conditions.

29 Coal &
Coal
Rejects

pH & EC
Acid-Base
NAG Test

Multi-Elements

The coal seam samples range from acidic to slightly alkaline with low salinity,
and the coal reject samples range from pH neutral to slightly alkaline, also
with low salinity.

The coal rejects are considered to be NAF and the majority of the coal seam
samples are classified as PAF.

The coal and coal reject samples were found to be enriched in arsenic, boron,
antimony and selinium, and mercury was found to be slightly enriched in some
of the samples. Arsenic, molybdenum and selenium were found to be
relatively soluble under near-neutral to alkaline test conditions of the selected
coal seam samples, and molybdenum and selenium were found to be soluble
under quasi-neutral pH test conditions of the selected reject samples.

Project Seams Samples Analyses Findings and Recommendations Reference
Boggabri Maules 47 Overburden pH & EC The overburden typically has low S and moderate ANC indicating a significant | Continuation of Boggabri
Coal Mine | Creek 29 Roof excess is acid neutralisation over acid generation. However, the overburden Coal Mine -

. oof & . ; - . 8
Formation Floor Rock Acid-Base materials at Boggabri are expected to be sodic. Geochemical
o . . - Assessment (Nov'09).
Sodicity For this assessment the geochemical characteristics of the coal seam roof RGS Environmental Pty
Multi-Elements and floor were considered to be representative of the coal reject that would be Ltd
produced, and the presented results indicated that, although the bulk of this
material is considered to be low S and relatively barren in terms of acid
generation and neutralisation, one sample representing the roof rock was
found to have an excess in acid generation over neutralisation.
The overburden and roof and floor rock samples were found to have no
enriched or readily soluble elements.
Vickery Maules 107 Overburden H & EC The overburden ranges from slightly acidic to slightly alkaline and is typically Vickery Coal Project —
Coal Creek P non-saline. Geochemistry
Project Formation Acid-Base The bulk of the overburden is expected to be NAF, however, a number of PAF | Assessment of
NAG Test materials were identified, including the mudstone and finely laminated mixed Overburden, Interburden
es

and Coal Rejects
(May'12). Geo-
Environmental
Management Pty Ltd

Geo-Environmental Management Pty Ltd
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Table 1: Summary of

eochemical investigations conducted on current and planned coal mines in the Gunnedah Basin. CONTINUED

Project ;Z;%f; Samples Analyses Findings and Recommendations Reference
Vickery Maules 34 Overburden pH & EC The overburden ranges from pH neutral to moderately alkaline and from non- | Vickery Extension
Coal Creek . saline to slightly saline. Project — Geochemistry
Project Formation Acid-Base Assessment of
NAG Test Apart from one sample of uneconomic coal and one sample of carbonaceous | Overburden, Interburden
) mudstone, the overburden is considered to be NAF. and Coal Rejects
Multi-Elements (Apr'18). Geo-
The overburden is expected to be enriched in silver, arsenic, boron, antimony Environmental
and selenium, and arsenic, molybdenum and selenium are expected to be Management Pty Ltd
relatively soluble under the near neutral test pH conditions.
10 Coal & pH & EC The coal and coal rejects range from acidic to slightly alkaline. The coal is
Coal ) expected to be highly saline and the coal rejects to range from low to high
Rejects Acid-Base salinity.
NAG Test The rejects are NAF, while the coal seam material comprises both NAF and
. PAF material. The coal and coal reject samples were found to be enriched in
Multi-Elements silver, and selenium, and mercury was found to be slightly enriched in some of
the samples.
Arsenic, molybdenum and selenium were found to be relatively soluble under
near-neutral test pH conditions.
E:Af;uelis gg‘gis 40 Overburden | pH & EC The overburden typically has low S and moderate ANC indicating an '(\;‘Agg:;isegigz:( Project -
Pro . 98 Roof & Acid-Base significant excess in acid neutralisation over acid generation.
ject Formation Floor Rock Assessment of
Sodicity For this assessment the geochemical characteristics of the coal seam roof Overburden and
Multi-Elements and floor were conS|dereo! to_be representative of the coal reject that W_oul_d be | Potential Coal Reject
produced and the results indicated that, although the bulk of this material is Materials (Jan'11). RGS
considered to be low S and relatively barren in terms of acid generation and Environmental Pty Ltd
neutralisation, some material with an excess in acid generation over
neutralisation was identified.
The overburden and roof and floor rock samples were found to have no
enriched or readily soluble elements.
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3.2 Water Quality Investigations

Surface water monitoring at the Narrabri Mine is conducted in accordance with the
approved Water Management Plan (Whitehaven, 2017).

A Surface Water Assessment has been prepared by WRM (2020) in support of the
Project which includes an assessment of water quality at existing storages at the
Narrabri Mine. Table 2 summarises the existing water quality of the following water
storages at the Narrabri Mine:

e Storages SB1 and SB2 — collect runoff from the product coal stockpile; and

e Storage SB3 — collects runoff from the Reject Emplacement Area.

Table 2: Water Quality of Relevant Storages at the Narrabri Mine Pit Top Area.
Source: WRM, 2020.

Water Quality Parameter SB1 SB2 SB3
pH 20" Percentile 9.0 9.1 9.2
Median 9.3 9.5 9.5
80" Percentile 9.6 9.8 9.9
Number of 114 90 86
Samples
Electrical 20™ Percentile 2,548 1,356 3,540
Conductivity (EC) -
(us/cm) Median 6,710 2,655 7,390
80™ Percentile 8,618 4,136 10,500
Number of 114 90 86
Samples
Note:  ps/cm = micro Siemens per centimetre

Table 2 indicates that the water quality in storages SB1, SB2 and SB3 are relatively
alkaline with median values ranging between 9.3 and 9.5. SB1, SB2 and SB3 are
generally saline with median EC values ranging from 2,655 to 7,390.

WRM (2020) also conducted a review of watercourses draining the Narrabri Mine and
concluded that there appears to be no significant difference in water quality between
undisturbed monitoring locations and those located downstream of the Narrabri Mine.

The presented surface water quality monitoring data indicate that the management
strategies adopted for the product coal stockpile and Reject Emplacement Area during
active disposal for the current operations have been successful in negating any
potential off-site water quality impacts.

Further information regarding existing water storages and surface water monitoring
can be found in the Surface Water Assessment (WRM, 2020).

Geo-Environmental Management Pty Ltd
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4  Existing and Approved Management Measures

A summary of the existing/approved management strategies implemented at the
Narrabri Mine for the key mine material types and the relevant site water management
programs are provided below.

4.1 Coal Stockpiles

Run of mine (ROM) and product coal from the underground operations are stored in
the ROM and product coal stockpiles, and located in the Pit Top Area (Figure 4)
which is within the existing water management system (Section 4.4).

There are no specific management measures implemented for the product and ROM
coal stockpiles.

4.2 Development Waste

Development waste is removed from the underground and disposed of in the Reject
Emplacement Area or consolidated with excavated soil to construct sumps (SLR
Consulting Pty Ltd [SLR], 2019).

There are no specific management measures implemented for the development waste.

4.3 Reject Emplacement Area

Coarse rejects at the Narrabri Mine are disposed of in the Reject Emplacement Area
(Figure 4) in accordance with the Mining Operations Plan (MOP) (SLR, 2019), the
Water Management Plan (Whitehaven, 2017) and the Waste Management Plan
(Whitehaven, 2015) (or their latest approved versions).

The Reject Emplacement Area has been constructed with a compacted floor that has a
permeability of less than 1x10™ metres per second (m/s) and a surface water runoff
management system (SLR, 2019).

In accordance with the MOP (SLR, 2019), disposal of coarse rejects within the Reject
Emplacement Area occurs in “cells”, with cells being formed contiguously, generally
in an anti-clockwise direction. Each cell is planned to be constructed to a nominated
height of 15 m and capped with approximately 400 millimetres (mm) of clay capping
material (ATC Williams, 2019).

Each cell has sufficient capacity to provide an operational life of approximately
2 years.

Geo-Environmental Management Pty Ltd
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4.4 Site Water Management

Site water management at the Narrabri Mine is conducted in accordance with the
Water Management Plan (Whitehaven, 2017) (or the latest approved version). The
site water management strategy for the Narrabri Mine is based on the containment and
re-use of mine water and diversion of upstream water around the Pit Top Area.

Storages SB1 and SB2 have been designed to collect runoff from the product coal
stockpile, Storage SB4 collects runoff from the ROM coal stockpile and SB3 collects
runoff from the Reject Emplacement Area (Figure 4).

Geo-Environmental Management Pty Ltd
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5 Geochemical Assessment Program

The geochemical assessment program involved a range of static geochemical tests
performed on samples of the development waste, coal seam roof and floor rock
(i.e. mine rock), and the raw and product coal and coarse rejects.

5.1 Sample Selection and Preparation

The samples for this assessment included 36 drill hole samples representing the
development waste (2 samples) and coal seam roof and floor rock, collectively known
as mine rock (34 samples), 5 composite samples produced using materials from the
coal quality and washability trials, representing the raw and product coal, and the
coarse rejects, and 1 sample collected as a slurry representing the exploration waste
material from a recently completed exploration drill hole.

5.1.1 Mine Rock and Development Waste Samples

The drill hole samples were collected to represent development waste and coal seam
roof and floor rock. The samples were collected by NCOPL site personnel and
prepared by Indicium Labs under instruction from GEM. A total of 18 drill holes were
sampled from across the Project area (Figure 2). The sample details, including the
drill holes and intervals sampled, are provided in Attachment A (Table A-1).
Depending on the interval thickness, the sample weights typically ranged from 1 to 5
kilograms (kg). Each sample was crushed to <4 mm and a 500 gram (g) sub-sample
pulverised to minus 75 micrometres (um) for analysis.

5.1.2 Coal and Coarse Reject Samples

Five composite samples representing the raw coal, product coal and coarse rejects
were prepared by Australian Laboratory Services Pty Ltd (Mayfield West Laboratory).
Table 3 provides the relevant details for the prepared samples. The <25 mm fraction
of the coal was used to produce the raw coal samples representing the Hoskissons
Seam and the ‘other’ seams. The 106 mm > 25 mm fraction was used to prepare
samples of the product coal and coarse rejects. The overflow with a density
of <1.4 specific gravity (SG) represents the PCI coal, the underflow with a density of
1.7 to 1.4SG represents the thermal coal, and the sinks with a density of >1.7SG
represents the coarse rejects.

The composite samples were prepared by combining equal portions of the individual
samples sourced from a number of drill holes across the mine area. A nominal 300 g
sub-sample of the composites was pulverised to minus 75 um for analysis.

Geo-Environmental Management Pty Ltd
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Table 3: Details of the composite coal and coarse reject samples.

Material Type Sample ID Description Sizing Density
Raw Coal Raw HSK2 Hoskissons Seam Coal | <25mm -
Raw Other Other Seams Coal <25mm -
Product Coal PCI PCI Coal >25mm Overflow (<1.4SG)
Thermal Thermal Coal >25mm Underflow (1.7 - 1.4SG)
Rejects Reject Coarse Reject >25mm Sinks (>1.7SG)

5.2 Testing Program

The laboratory program for this assessment included the following tests and
procedures:

e pH and EC determination;

e total sulfur (S) assay;

e acid neutralising capacity (ANC) determination;

e netacid producing potential (NAPP) calculation;

e single addition net acid generation (NAG) test;

e extended boil NAG test;

e sulfide S analysis (chromium reducible sulfur [CRS]); and

e multi-element scans on solids and water extracts.

The total S assays were performed by Indicium Labs, the CRS analyses were
performed by Australian Laboratory Services Pty Ltd (Brisbane Laboratory), the ANC
determinations and NAG tests were performed by Environmental Geochemistry
International Pty Ltd (EGi), and the multi-element analyses were performed by
Genalysis Laboratories Pty Ltd.

An overview of the tests and procedures used for the assessment is presented below.
5.2.1 pH and Salinity Determination

The pH and EC of a material is determined by equilibrating the sample in deionised
water for a minimum of 2 hours at a solid to water ratio of 1:2 (w/w). This test

provides an indication of the inherent acidity and salinity of the material when it is
initially exposed. Table 4 provides the salinity rankings based on ECy:2 values.

Geo-Environmental Management Pty Ltd
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Table 4: Salinity ranking based on the electrical
conductivity (EC) value.

ECi:2 (dS/m) Salinity
<0.5 Non-Saline
05t015 Slightly Saline
15t025 Moderately Saline
>2.5 Highly Saline
(Rhoades et al., 1999) dS/m = deci-siemens per metre

5.2.2 Acid Forming Characteristic Evaluation

A number of test procedures are used to assess the acid forming characteristics of mine
waste materials. The most widely used assessment methods are the acid-base
account (ABA) and the NAG test. These methods are referred to as static procedures
because they involve a single measurement in time.

Acid-Base Account

The ABA involves laboratory procedures that evaluate the balance between acid
generation processes (oxidation of sulfide minerals) and acid neutralising processes
(dissolution of alkaline carbonates, displacement of exchangeable bases, and
weathering of silicates). The values arising from the ABA are referred to as the
maximum potential acidity (MPA) and the ANC, respectively. The difference
between the MPA and ANC value is referred to as the NAPP.

The MPA is calculated using the total S content of the sample. This calculation
assumes that all of the S measured in the sample occurs as pyrite (FeS;) and that the
pyrite reacts under oxidising conditions to generate acid according to the following
reaction:

FeS, + 15/4 02 + 7/2H,0 => Fe(OH)® + 2 HyS04

According to this reaction, the MPA of a sample containing 1%S as pyrite would be
30.6 kg of H2SO4 per tonne of material (i.e. kg H2SOa/t). Hence the MPA of a sample
is calculated from the total S content using the following formula:

MPA (kg H2SOu/t) = (Total %S) x 30.6

The use of the total S assay to estimate the MPA is a conservative approach because
some S may occur in forms other than pyrite. Sulfate-S and native S, for example, are
non-acid generating S forms. Also, some S may occur as other metal sulfides
(e.g. covellite, chalcocite, sphalerite, galena) that yield less acidity than pyrite when
oxidised. The CRS analysis method is used to determine the proportion of total S
within a sample that occurs as sulfide.

The acid formed from pyrite oxidation will to some extent react with acid neutralising
minerals contained within the sample. This inherent acid neutralisation is quantified in
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terms of the ANC and is determined using the Modified Sobek method. This method
involves the addition of a known amount of standardised hydrochloric acid (HCI) to an
accurately weighed sample, allowing the sample time to react (with heating), then
back titrating the mixture with standardised sodium hydroxide (NaOH) to determine
the amount of unreacted HCI. The amount of acid consumed by reaction with the
sample is then calculated giving the ANC expressed in the units of kg H2SOult.

Determination of the ANC using the Modified Sobek method (Sobek et al., 1978)
provides an indication of the total neutralisation capacity of a material. However, in
some materials not all mineral phases will be readily available to neutralise
sulfide-generated acidity. For these material types, acid buffering characteristic
curves (ABCC) can be used to determine the amount of ANC that is available to
neutralise any sulfide generated acidity under more natural weathering conditions.
The ABCCs are obtained by slow titration of a sample with acid while continuously
monitoring pH and plotting the amount of acid added against pH. The plot provides
an indication of the portion of ANC within a sample that is readily available for acid
neutralisation.

The NAPP is a theoretical calculation commonly used to indicate if a material has the
potential to produce acid. It represents the balance between the capacity of a sample to
generate acid (MPA) and its capacity to neutralise acid (ANC). The NAPP is also
expressed in units of kg H2SO4/t and is calculated as follows:

NAPP = MPA - ANC

If the MPA is less than the ANC then the NAPP is negative, which indicates that the
sample may have sufficient ANC to prevent acid generation. Conversely, if the MPA
exceeds the ANC then the NAPP is positive, which indicates that the material may be
acid generating.

The ANC/MPA ratio is used as a means of assessing the risk of acid generation from
mine waste materials. A positive NAPP is equivalent to an ANC/MPA ratio less than
1, and a negative NAPP is equivalent to an ANC/MPA ratio greater than 1. Generally,
an ANC/MPA ratio of 3 or more signifies that there is a high probability that the
material is not acid generating.

Figure 5 is an ABA plot which is commonly used to provide a graphical representation
of the distribution of S and ANC in a sample set. This figure shows a plotted line
where the NAPP = 0 (i.e. ANC = MPA or ANC/MPA = 1). Samples that plot to the
lower right of this line have a positive NAPP and samples that plot to the upper left of
it have a negative NAPP. Figure 5 also shows the plotted lines corresponding to
ANC/MPA ratios of 2 and 3.
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Figure 5: Typical acid-base account plot.

Net Acid Generation Test

The single addition NAG test is used in association with the NAPP to classify the acid
generating potential of a sample. The standard (single addition) NAG test involves
reaction of a sample with hydrogen peroxide to oxidise any sulfide minerals contained
within a sample. During the NAG test, acid generation and neutralisation reactions
occur simultaneously and the end result represents a direct measurement of the net
amount of acid generated by the oxidised sample. The pH of the NAG solution on
completion of the oxidation reaction is referred to as the NAGpH. A NAGpH < 4.5
indicates that acid conditions remain after all acid generating and acid neutralising
reactions have taken place, and a NAGpH > 4.5 indicates that any generated acidity
has been neutralised. An indication of the capacity of the sample to generate acid is
provided by titrating the NAG solution to the pH end-points of 4.5 and 7.0. This value
is commonly referred to as the NAG capacity and is expressed in the same units as the
NAPP (i.e. kg H2SO4/t). The titration value at pH 4.5 includes the acidity produced
due to free acid (i.e. H2SO4) as well as soluble iron and aluminium. The titration value
at pH 7 also includes metallic ions that precipitate in the form of hydroxides.

When subjected to the NAG test, samples containing carbonaceous material may
generate organic acids potentially producing misleading low NAGpH values and
acidities. To overcome this effect an extended boil NAG test has been developed by
EGi, where the organic acids are fully decomposed with boiling in order to ensure that
the measured NAGpH and acidity of the NAG solution are due solely to sulfide
oxidation.
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5.2.3 Multi-Element Analysis

Multi-element scans are carried out on the solid samples to identify any elements that
are present at concentrations that may be of environmental concern with respect to
water quality and revegetation. The assay results from the solid samples are compared
to the average crustal abundance for each element to provide a measure of the extent
of element enrichment. The extent of enrichment is reported as the Geochemical
Abundance Index (GAI). However, identified element enrichment does not
necessarily mean that an element will be a concern for revegetation, water quality or
public health, and this technique is used to identify any significant element
enrichments that warrant further examination.

Multi-element scans also are performed on liquor samples to determine the chemical
composition of the solution and identify any elemental concerns for water quality.
Multi-element scans are performed on water extracts, typically extracted from a 1-part
sample to 2 parts deionised water suspension, in order to identify any elements that are
likely to be readily soluble under the existing pH conditions. These analyses are
designed to identify any elements that may be a concern for water quality and warrants
further investigation.

5.3 Geochemical Classification

The acid forming potential of a sample is classified on the basis of the ABA and NAG
test results into one of the following categories:

Barren;

NAF;

Potentially Acid Forming (PAF);
Acid Forming (AF); and
Uncertain (UC).

Barren

A sample classified as barren essentially has no acid generating capacity and no acid
buffering capacity. This category is most likely to apply to highly weathered
materials. In essence, it represents an ‘inert’ material with respect to acid generation.
The criteria used to classify a sample as barren may vary between sites, but it
generally applies to materials with a total Scontent <0.1%S and an
ANC <10 kg H2SOuft.

Non-Acid Forming

A sample classified as NAF may or may not have a significant S content but the
availability of ANC within the sample is more than adequate to neutralise all the acid
that theoretically could be produced by any contained sulfide minerals. As such,
material classified as NAF is considered unlikely to be a source of acidic drainage. A
sample is usually defined as NAF when it has a negative NAPP and a final
NAGpH > 4.5.
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Potentially Acid Forming

A sample classified as PAF always has a significant S content, the acid generating
potential of which exceeds the inherent ANC of the material. This means there is a
high risk that such a material, even if pH circum-neutral when freshly mined or
processed, could oxidise and generate acidic drainage if exposed to atmospheric
conditions. A sample is usually defined as PAF when it has a positive NAPP and a
final NAGpH < 4.5. Typically, if a PAF sample has a NAPP and/or NAG capacity
when titrated to pH 4.5, of <5 kg H2SOu4/t, it is considered to only have a low capacity
to generate acid and is classified as PAF-LC.

Acid Forming

A sample classified as AF has the same characteristics as the PAF samples however
these samples also have an existing pH of less than 4.5. This indicates that acid
conditions have already been developed, confirming the acid forming nature of the
sample.

Uncertain

An uncertain classification is used when there is an apparent conflict between the
NAPP and NAG results (i.e. when the NAPP is positive and NAGpH > 4.5, or when
the NAPP is negative and NAGpH <4.5).

Figure 6 shows a typical geochemical classification plot for mine waste materials
where the NAPP values are plotted against the NAGpH values. Samples that plot in
the upper left quadrate, with negative NAPP values and NAGpH values greater
than 4.5, are classified as NAF. Those that plot on the lower right quadrate, with
positive NAPP values and NAGpH values of 4.5 or less, are classified as PAF.
Samples that plot in the upper right or lower left quadrates of this plot have an
uncertain geochemical classification (UC) due to a contradiction in the acid-base and
NAG test results, and further testing is required to determine the geochemical
classification of these material types.
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Figure 6: Typical geochemical classification plot.
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6 Mine Rock and Development Waste Geochemistry

The geochemical test results for the mine rock (coal seam roof and floor rock) samples
and development waste, including the pHi:2 and ECi:, acid forming characteristics,
and element enrichment and solubility, are provided in Attachment B (Tables B-1,
B-2, B-3 and B-4). A summary of the pHi.2 and EC1:2, ABA and NAG test results for
the different materials is provided in Table 5.

Table 5: Summary of the pH, EC, acid-base account and NAG test results for the mine
rock and development waste samples.

_ pH,, = ECi,  TotalS SulfideS MPA ANC NAPP NAPPg.
Material Type
(dS/m) (%68S) (kg HSOyt)
Al Average 8.2 0.174 0.09 0.02 3 6 -3 -5
36 Samples  Min 7.0 0.082 0.01 0.01 0 1 -63 -65
Max 8.9 0.475 0.54 0.05 16 65 10 0
Roof Average 8.6 0.299 0.13 0.02 4 16 -12 -15
8 Samples  Min 8.1 0.183 0.04 0.01 1 4 -63 -65
Max 8.9 0.475 0.27 0.04 8 65 1 -4
Floor Average 8.0 0.138 0.03 0.02 1 - -2
25 Samples  Min 7.2 0.093 0.01 0.01 0 -18 -18
Max 8.8 0.391 0.13 0.05 4 19 2 0
Waste Average 7.4 0.167 0.06 0.02 2
2 Samples  Min 7.0 0.155 0.01 0.01 0 1 -18 -18
Max 7.7 0.178 0.46 0.05 14 19 9 0
Coal 7.2 0.082 0.54 0.05 16 6 10

* Average pH values reported are median values.

6.1 pH and Salinity

The mine rock and development waste samples are all relatively alkaline with pHi:
values ranging from 7.0 to 8.9. The ECi:2 values range from 0.082 to 0.475 dS/m,
indicating that these materials are expected to be non-saline.

6.2 Acid Forming Characteristics

The total S content of these samples is typically low ranging from 0.01 to 0.54%S
with an average of only 0.09%S. The majority of the samples (78%) have a total S
content of less than 0.1%S, and only 3 samples (8%) have a total S content greater
than 0.3%S. The sample with the highest total S content (0.54%S) is that of the mine
rock coal sample collected from above the Hoskissons Seam. The sulfide S analyses,
ranging from 0.02 to 0.05%S, indicating that the proportion of the total S that occurs
as reactive sulfide ranges from a low of 2.5% to a high of 130%S. The mine rock coal
seam sample has a sulfide S content of only 0.049%S (Attachment B; Table B-1).
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The ANC of the mine rock and development waste samples generally ranges from 1
to 20 kg H2SO4/t with an average of 4 kg H2SOa4/t excluding the mine rock coal seam
sample with a significantly higher ANC of 65 kg H2SOu/t. Figure 7 is an ABA plot for
the mine rock and development waste samples where the sulfide S content is plotted
against the ANC. This plot shows that all of the samples plot above the NAPP =0
(ANC/MPA = 1) line and are NAPP negative, indicating an excess in acid buffering
capacity over potential acidity. The majority of these samples are also considered to
be barren in terms of acid generation and neutralisation.
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Figure 7: Acid-base account plot for the mine rock and development waste samples.

The results of the standard NAG test indicate that the NAGpH values range from
2.0 to 7.9 and that 21 of the samples (58%) have a NAGpH < 4.5. Figure 8 is a
geochemical classification plot using the sulfide S content to calculate the NAPP.
This plot shows that a number of the mine rock (roof and floor rock) samples have a
NAGpH > 4.5 with a negative NAPP and are classified as NAF. However, a number
of the mine rock samples, and the coal seam and the development waste samples,
have a NAGpH < 4.5 with a negative NAPP and these samples have an
uncertain (UC) classification.

The UC samples were selected for extended boil NAG testing in order to fully
decompose any organic acids that may be present and responsible for producing
misleading low NAGpH values. These results produced a NAGpH > 4.5 for all of the
selected samples. Figure 9 is the geochemical classification plot incorporating the
extended boil NAGpH values showing that all of the samples are classified as NAF.
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Figure 8: Geochemical classification plot for the mine rock and development waste
samples using the standard NAG test.
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Figure 9: Geochemical classification plot for the mine rock and development waste
samples using the extended boil NAG test.
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6.3 Metal Enrichment and Solubility

Fourteen samples representing the mine rock (roof and floor rock) and development
waste were selected for multi-element analyses. The results from these analyses and
their geochemical abundances indices are provided in Attachment B (Tables B-2 and
B-3). These results indicate the slight enrichment of As, Sb and Se in some of the
samples and significant enrichment of Sb in one of the development waste samples.

The results of multi-element scans performed on the water extracts (1 part sample/
2 parts deionised water) from these samples are presented in Attachment B
(Table B-4). These results indicate that, under the prevailing neutral to slightly
alkaline test pH conditions, high concentrations of dissolved As and Se are
consistently found in the mine rock and development waste samples, and that high
concentrations of dissolved Mo are found in some of these samples. In order to
provide an indication of the relative solubility of these metals, the dissolved
concentration ranges are compared to the Australian and New Zealand Environment
Conservation Council (ANZECC) irrigation water quality guidelines (ANZECC,
2000) in Table 6 in order to provide an indication of the relative solubility of these
metals.

Table 6: Concentration ranges and ANZECC (2000) irrigation water quality
guidelines for the readily soluble elements in selected mine rock and development
waste samples.

Water Quality Guideline
Element Units Concentration Range Short-Term Long-Term
Exposure* Exposure**
As pg/L 2.7 - 788.8 2,000 100
Mo pg/L 4.86 - 345.21 50 10
Se pg/L 18.3 - 121.9 50 20

*Short-term Exposure (up to 20 years)
**| ong-term Exposure (up to 100 years)

ug/L = micrograms per litre

These results indicate that the dissolved As concentrations do not exceed the
short-term exposure guidelines, but exceed the long-term guidelines in two samples.
The dissolved Mo concentrations exceed both the short- and long-term exposure
guidelines in some of the samples, and the dissolved Se concentrations exceed both
the short- and long-term exposure guidelines in most of the samples.
Recommendations for water quality monitoring and management of the underground
workings and development waste in regard to these findings are provided in
Section 9.0.
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7 Coal and Coarse Reject Geochemistry

The geochemical test results for the coal and coarse reject samples, including the pHa.»
and ECi:2, acid forming characteristics, and element enrichment and solubility, are
provided in Attachment C (Tables C-1, C-2 and C-3) and a summary of the acid
forming characteristics is provided in Table 7.

Table 7: Summary of the acid forming characteristics for the composited coal and
coarse reject samples.

Material Type pH., = ECy, | Total S |Sulfide S| ANC = NAPPg | NAGpH**
(dS/m) (%S) (kg H,SOut)
Raw |HSK2 Seam 73 | 0143 | 033 0.02 7 -6 71
Coal |other Seams 8.3 0.360 | 0.34 0.06 9 -7 7.2
Product |PCI 69 0087 | 037 0.01 1 -1 6.5
Coal IThermal 7.1 0.161 0.38 0.06 8 -6 7.2
Coarse Reject 6.2 1.050 3.74 348 50 56 3.9

* Average pH values reported are median values.
** NAGpH derived from the Extended Boil NAG Test.

7.1 pH and Salinity

The raw coal samples are both relatively alkaline and non-saline with pHi.» values of
7.3 and 8.3, and ECi»> values of 0.143 and 0.360 dS/m for the Hoskissons
Seam (HSK2) and other seams, respectively. The product coal samples are both pH
neutral and non-saline with pHz.» values of 6.9 and 7.1, and ECy:» values of 0.087 and
0.161 dS/m for the PCI and thermal coal samples, respectively. The coarse reject
sample is slightly acidic and slightly saline with a pHi.» value of 6.2 and an EC1»
value of 1.050 dS/m.

7.2 Acid Forming Characteristics

The acid forming characteristics of the composited raw and product coal samples are
relatively similar with total S contents ranging from 0.33 to 0.38%S and ANC values
ranging from 1 to 9 kg H2SOu/t. The sulfide S contents range from only 0.014 to
0.057%S indicating that the reactive sulfide S content only makes up 4 to 16% of the
contained total S. These results indicate that the S contained in these materials occurs
predominantly as sulfate and/or other organic or native S forms. Differing from these
characteristics, the composite coarse reject sample has a total S content of 3.74%S
and a sulfide S content of 3.48%S indicating that 93% of the contained S in this
sample occurs as reactive sulfide. This sample has an ANC of 50 kg H2SOult.
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Figure 10 is an ABA plot for the coal and coarse reject samples where the sulfide S
content is plotted against the ANC. This plot shows that all of the coal samples are
NAPP negative and considered to be barren in terms of acid generation and
neutralisation. However, with a sulfide S content of 3.48%S and an ANC of
50 kg H2SOult, the coarse reject sample is NAPP positive with a NAPP value of
56 kg H2SOu/t.

ANC/MPA=3 ANC/MPA=2 =
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) 60 ............
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-
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00 05 10 15 20 25 30 35 40
Sulfide S (%)

Figure 10: Acid-base account plot for coal and coarse reject samples.

The standard NAG test results for these samples indicate that all of the composited
coal and coarse reject samples have a NAGpH < 4.5, ranging from 2.4 to 2.6 for the
coal samples and being 3.0 for the coarse reject sample. Figure 11 is the geochemical
classification plot for these samples using the NAGpH from the standard NAG test.
This plot shows that, being NAPP positive with a NAGpH < 4.5, the coarse reject
sample is classified as PAF. However, being NAPP negative with a NAGpH < 4.5,
all of the various coal samples have a UC classification.
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11.0 Composite
10.0 ® Raw 'Other' Seam
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T 7.0
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g 6.0
z
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4.0
3.0 =
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2.0
1.0
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Figure 11: Geochemical classification plot for the coal and coarse reject samples
using the standard NAG test.
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When subjected to the extended boil NAG test, due to their carbonaceous nature, the
NAGpH values for the coal samples increased to > 4.5 with a range of 6.5 to 7.2, and
for the coarse reject sample the NAGpH remained < 4.5 at a value of 3.9. Figure 12 is
a geochemical classification plot for the coal and coarse reject samples using the
NAGpH from the extended boil NAG test. This plot shows that, with a negative
NAPP value and a NAGpH > 4.5, the coal samples are classified as NAF, and that
with a negative NAPP and a NAGpH of 3.9, the coarse reject sample is classified as
PAF.
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NAF
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370 a
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z
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NAPPg 1. (kg HaSO4/t)

Figure 12: Geochemical classification plot for the coal and coarse reject samples
using the extended boil NAG test.

The coarse reject sample has a NAPP value of 56 kg H2SOu4/t when the sulfide S
content is used to calculate the NAPP. However, this sample only has a NAG
capacity of 1 kg H.SO4/t when titrated to pH 4.5, indicating that the material
represented by this sample is only expected to have a low capacity to generate acid
(PAF-LC).

7.3 Metal Enrichment and Solubility

Multi-element scans were performed on the 4 raw and product coal samples and the
coarse reject sample and the results of these scans and the geochemical abundance
indices are provided in Attachment C (Table C-2). These results indicate that Se is
significantly enriched in all of the samples and that additional to this, As and Mo are
significantly enriched in the coarse reject sample.
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The results of multi-element scans performed on the water extracts (1 part
sample/2 parts deionised water) from these samples are presented in Attachment C
(Table C-3). These results indicate that Se is readily soluble in all of the composited
coal and coarse reject samples and that Mo is readily soluble in the coal samples only.
The concentrations of Se and Mo in these samples are compared to the ANZECC
irrigation and general use water quality guidelines (ANZECC, 2000) in Table 8 in
order to provide an indication of the relative solubility of these metals. A stated goal
of the ANZECC irrigation and general use water quality guidelines (ANZECC, 2000)
is to maintain the productivity of irrigated agricultural land and associated water
resources, in accordance with the principles of ecologically sustainable development
and integrated catchment management. The ANZECC irrigation and general use
water quality guidelines (ANZECC, 2000) are therefore considered appropriate for
the Project.

Table 8: Concentration ranges and ANZECC (2000) irrigation water quality
guidelines for the readily soluble elements in the composited coal and coarse reject
samples.

Chemical Composition Water Quality Guideline
Element Raw Coal Product Coal Coal
Short Term | Long Term
HSk2 Other PCI Thermal | Reject | Exposure* | Exposure**
Seam Seams
Mo (ug/l) 51.39 178.17 43.13 54.65 10.35 50 10
Se (ug/l) 164.7 170.6 81.3 108.8 138.4 50 20

*Short-term Exposure (up to 20 years)

**| ong-term Exposure (up to 100 years)

These results indicate that the dissolved Se concentrations exceed the long-term and
short-term exposure guidelines in all of the coal and coarse reject samples, and that
the dissolved Mo concentrations exceed the long-term and short-term exposure
guidelines in the coal samples only. Recommendations for water quality monitoring
and management of the ROM and product coal stockpiles, and the coarse rejects in
regard to these findings are provided in Section 9.0.
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8 Exploration Drill Hole Waste Geochemistry

The acid forming characteristics of the exploration drill hole sample are provided
below in Table 9 and the element composition of the sample solid, water extract and
decant, are provided in Attachment C (Tables C-2 and C-3).

Table 9: Acid forming characteristics of exploration drill hole waste material.

ACID-BASE ANALYSIS NAG TEST
Material Geochem.
Type Tot.S MPA ANC NAPP | NAGpH NAGpHsas NAGpH7.0 Class.
(%S) (kgH2S0u4lt) (kgH2S0u/t)
Drill Waste 0.17 5.3 11.7 -6.4 7.1 0 0 NAF

With a total S content of 0.17%S and an ANC of 12 kg H2SOult, resulting in a NAPP
of minus 6 kg H2SOu/t, this sample is considered to be barren in terms of acid
generation and neutralisation. The NAGpH of 7.1 confirms that the material
represented by this sample is expected to be NAF.

The solids from the exploration drill hole waste slurry sample is significantly enriched
with Se and less so with As. The water extract from the solid fraction is relatively
alkaline, with a pHi2 of 8.9, and slightly saline, with an EC1:2 of 0.693 dS/m. This
salinity is due to the presence, in equal proportion, of SO4 and CI salts. Relatively
high concentrations of dissolved As, Mo and Se indicate that these metals are likely to
be readily soluble in the exploration drilling wastes represented by this sample.

The decant collected from the exploration drill hole waste slurry sample is pH neutral
with a pHz:2 of 7.6 and has high salinity with an EC1:> of 3.59 dS/m. The high salinity
is primarily due to the presence of NaCl salt. Differing from the water extract
collected from this sample, the decant, although having high concentrations of
dissolved Se, also has relatively high concentrations of dissolved Co.
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9 Conclusions and Recommendations

The following sections provide the conclusions and recommendations for the key mine
material types and facilities for the Project.

9.1 Development Waste

Based on the geochemical characteristics of the development waste from the current
investigation and the overburden from previous investigations, the material that would
be excavated during development of the underground operations at the Project is
expected to be non- to slightly saline and NAF. Typical for the overburden in this
region, the development waste is expected to be enriched with As, Sb and Se, and the
As and Se are expected to be readily soluble. The identified high concentrations of
dissolved As and Se are most likely due to the flushing of these readily soluble metals.

Geochemical Characteristics

Non- to slightly saline.
NAF.

Enriched As, Sb and Se.
Soluble As and Se.

Recommendations
Based on these findings the following recommendations are made:

e No specific management measures for this material would be required for
ongoing geochemical security of this material.

e This material is expected to be geochemically suitable for use on-site for
construction and/or earthworks, as required.

9.2 Underground Mine Workings

Current investigations indicate that the roof and floor rock (i.e. the mine rock) for the
Project would be NAF and that no PAF material is expected to be encountered.

Geochemical Characteristics
Non-saline.

NAF.

Enriched As and Se.
Soluble As and Se.
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Recommendations
Based on these findings the following recommendations are made:

e No specific measures would be required in regard to the control of acid
generation within the underground workings.

9.3 Coal Stockpiles

The ROM and product coal would continue to be stockpiled on-site at the ROM and
product stockpiles within the Pit Top Area for the Project. The geochemical
characteristics of these materials indicate that both the ROM and product coal would
be non-saline and NAF. However, these materials are expected to be enriched with Se
and that readily soluble Mo and Se would be flushed from the coal when stockpiled if
left exposed to water infiltration and leaching.

Geochemical Characteristics
Non-saline.

NAF.

Enriched Se.

Soluble Mo and Se.

Recommendations
Based on these findings the following recommendations are made:

e No specific measures would be required for the control of acid generation
within the ROM and product coal stockpiles.

9.4 Coarse Rejects

The rejects produced during coal processing would comprise the coarse
fraction (>25mm) with a SG >1.7 (i.e. sinks). A composite sample of the coarse
rejects was found to be slightly acidic, with a relatively high total S content (3.74%5)
and moderate ANC (50 kg H2SO4/t). This material is considered reactive and based
on the NAG test results is classified as PAF-LC. The coarse rejects are expected to be
enriched with As, Mo and Se, and Se is expected to be readily soluble.

Geochemical Characteristics
Slightly saline and acidic.
PAF-LC.

Enriched As, Mo and Se.
Soluble Se.
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Recommendations
Based on these findings the following recommendations are provided for the coarse

rejects:

Coarse rejects should continue to be deposited within the Reject Emplacement
Area in accordance with existing management measures (Section 4.3).
However, due to the risk of developing saline or low pH conditions (refer to
below regarding PAF risk) if the rejects are left exposed for extended periods,
it is recommended that an interim cap is placed on the surface of the rejects if
they are not overdumped within a suitable timeframe. Additional to this, it is
recommended that the final layer of each cell is capped with the clay capping
material as soon as practical in order to minimise exposure of the rejects.

If highly saline and/or acidic conditions are allowed to develop in the exposed
rejects prior to capping, the stored salts and/or acidity are likely to migrate to
the surface of the capping, therefore potentially impacting revegetation and
surface water drainage.

Based on the previous and current test results the bulk of the coarse reject is
expected to be NAF and that a relatively small amount of PAF-LC material
may occur. Although mixing during disposal is expected to produce an overall
NAF material, it is recommended that NCOPL undertake a confirmatory
testing program when suitable materials are available to further evaluate the
presence of PAF-LC material identified in the Project area.

The recommended testing program should include leach column tests on
selected representative samples of the coarse reject in order to evaluate the
leaching behaviour of this material and determine the maximum period of
exposure prior to saline and/or acidic conditions being developed, as
applicable.

The samples required for the recommended confirmatory testing should be
collected from the surface of the Reject Emplacement Area and/or during
active disposal of the coarse rejects, prior to capping.

The need for ongoing periodic confirmatory testing should be assessed after a
suitable period of operation (e.g. 12 months).

9.5 Exploration Drill Hole Waste Material

The sample representing the exploration drill hole waste is slightly saline and NAF.
This material is enriched with Se and, to a lesser extent, As and Mo. In addition to
this, the contained As, Mo and Se are expected to be readily soluble under the
relatively alkaline pH conditions. The decant is pH neutral with high salinity due
primarily to the presence of NaCl salts.
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Geochemical Characteristics
Solids

Slightly saline.

e NAF.

Enriched As, Mo and Se.
Soluble As, Mo and Se.

Decant
e Highly saline.
e High dissolved Co and Se.

Recommendations
Based on these findings the following recommendations are provided for managing
the exploration drilling waste:

e The exploration drill hole waste slurry (solids and decant) should be
co-disposed with the coarse rejects in the Reject Emplacement Area, and the
existing Reject Emplacement Area management measures (Section 4.3) should
be adopted.

9.6 Water Quality Monitoring and Management

Due to the enrichment and/or expected solubility of the identified elements, it is
recommended that they, along with the general water quality parameters, are included
in the site water quality monitoring program/s:

e pH, EC, total alkalinity, acidity and SO, As, Co, Mo, Sb and Se.

The data generated from the site water quality monitoring program should be
periodically reviewed and it is recommended that this review be carried out annually.
The primary objective of this review is to determine if the Project is impacting the site
water quality and to assess if the release of this water would be likely to adversely
impact the quality of water in the receiving environment. This program should also
include a review of the water quality monitoring parameters and the modification of
these parameters, as required

The potential impacts on the surface water quality for the Project are assessed in the
Surface Water Assessment (WRM, 2020).
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Table A-1: Drill hole sample details.



Table A-1: Drill hole sample details for the Narrabri Underground (Stage 3) Project.

Drill-Hole ID Sample ID Depth (m) Material Type
From To Interval
NC731C NC731C_CHO1 269.96 270.71 0.75 Waste
NC731C_CHO02 277.36 277.89 0.53 Waste
NC731C_CHO03 300.85 301.43 0.58 Floor
NC731C_CHO04 300.69 300.85 0.16 Floor
NC714C NC714C_CHO1 400.21 400.53 0.32 Floor
NC739C NC739C_CHO1 276.01 276.70 0.69 Floor
NC674CR NC674CR_CHO1 354.57 355.13 0.56 Floor
NC732C NC732C_CHO1 304.43 304.67 0.24 Floor
NC733C NC733C_CHO1 337.75 338.70 0.95 Floor
NC720C NC720C_CHO1 264.67 265.49 0.82 Floor
NC738C NC738C_CHO1 280.60 281.45 0.85 Roof
NC738C_CHO02 290.29 290.47 0.18 Floor
NC738C_CHO03 290.69 290.89 0.20 Floor
NC734C NC734C_CHO1 370.83 371.81 0.98 Floor
NC741C NC741C_CHO1 342.72 343.31 0.59 Roof
NC741C_CHO02 343.55 343.68 0.13 Roof
NC741C_CHO03 350.25 351.20 0.95 Floor
NC741C_CHO04 342.28 342.72 0.44 Coal
NC717C NC717C_CHO1 346.99 347.95 0.96 Floor
NC735C NC735C_CHO1 300.40 300.51 0.11 Floor
NC735C_CHO02 300.59 301.33 0.74 Floor
NC736C NC736C_CHO1 374.10 374.19 0.09 Floor
NC736C_CHO02 374.25 375.24 0.99 Floor
NC742C NC742C_CHO1 333.80 334.62 0.82 Roof
NC742C_CHO02 343.22 343.66 0.44 Floor
NC742C_CHO03 343.90 344.09 0.19 Floor
NC740C NC740C_CHO1 350.08 351.08 1.00 Roof
NC740C_CHO02 359.74 359.94 0.20 Floor
NC740C_CHO03 360.21 360.78 0.57 Floor
NC743C NC743C_CHO1 351.77 352.78 1.01 Roof
NC743C_CHO02 360.99 361.13 0.14 Floor
NC743C_CHO03 362.11 363.10 0.99 Floor
NC835C NC835C_CHO1 235.42 236.38 0.96 Roof
NC835C_CHO02 245.41 246.37 0.96 Floor
NC821C NC821C_CHO1 338.48 339.61 1.13 Roof
NC821C_CHO02 347.44 348.40 0.96 Floor
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Table B-1: Acid forming characteristics of the mine rock and development waste samples.

Depth (m) ACID-BASE ANALYSIS NAG (Standard) NAG (Extended Boil)
Sample Code SamPle | ph,,  ECis | Total sulfide ANC/ Geochem.
From To Interv. Type %S %S MPA ANC  NAPP NAPPg. MPA NAGpH NAGpss NAGpH70 [NAGpH NAGpss NAGph7o Class.
NC731C_CHO01 269.96 | 270.71 0.75 |Waste 7.0 0.178 | 0.456 0.038 14 5 9 -4 0.4 2.0 105 152 6.1 0 3 NAF
NC731C_CHO02 277.36 | 277.89 0.53 [Waste 7.7 0.155 | 0.353 0.009 11 15 -4 -14 1.4 2.3 49 78 7.5 0 0 NAF
NC731C_CHO03 300.85 | 301.43  0.58 |Floor 7.9 0.133 | 0.063 0.05 2 2 0 0 1.0 3.0 6 15 7.2 0 0 NAF
NC731C_CHO04 300.69 | 300.85 0.16 |Floor 7.2 0.095 | 0.130 0.019 4 2 2 -2 0.6 2.4 28 50 7.1 0 0 NAF
NC714C_CHO01 400.21 = 400.53 0.32 |Floor 7.9 0.101 | 0.026 0.011 1 2 -1 -1 2.2 2.7 8 25 7.3 0 0 NAF
NC739C_CHO1 276.01 | 276.70 0.69 |Floor 7.8 0.097 | 0.032 0.029 1 2 -1 -1 1.7 51 0 1 NAF
NC674CR_CHO01 354,57 | 355.13 = 0.56 |Floor 8.8 0.391 | 0.018 0.014 1 19 -18 -18 34.1 7.4 0 0 NAF
NC732C_CHO01 304.43 | 304.67 0.24 |Floor 7.9 0.099 | 0.040 0.01 1 2 -1 -2 1.6 2.5 16 33 7.1 0 (0] NAF
NC733C_CHO01 337.75 | 338.70 0.95 |Floor 8.1 0.124 | 0.022 0.025 1 1 -1 -1 2.0 35 2 7 7.2 0 0 NAF
NC720C_CHO01 264.67 | 265.49 0.82 |Floor 8.0 0.139 | 0.029 0.038 1 2 -1 -1 2 4.1 0 5 6.9 0 0 NAF
NC738C_CHO1 280.60 | 281.45 0.85 |Roof 8.1 0.231 | 0.171 0.015 5 7 -2 -7 1.4 2.6 33 57 7.3 0 0 NAF
NC738C_CHO02 290.29 | 290.47 0.18 |Floor 7.7 0.100 | 0.026 0.01 1 3 -2 -2 3.2 7.0 0 0 NAF
NC738C_CH03 290.69 | 290.89  0.20 |Floor 8.0 0.093 | 0.013 0.009 0 1 0 0 15 3.9 1 9 6.9 0 0 NAF
NC734C_CHO1 370.83 | 371.81 0.98 |Floor 8.0 0.100 | 0.012 0.009 0 1 -1 -1 4.0 4.6 0 6 NAF
NC741C_CHO1 34272 | 34331 | 0.59 |Roof 8.9 0.475 | 0.086 0.025 3 65 -63 -65 248 7.9 0 0 NAF
NC741C_CHO02 343.55 | 343.68 0.13 |Roof 8.6 0.329 | 0.057 0.013 2 4 -2 -4 2.4 2.8 13 28 7.4 0 0 NAF
NC731C_CHO05 350.25 | 351.20  0.95 |Floor 8.8 0.190 | 0.014 0.005 0 1 0 -1 2.2 4.6 0 6 NAF
NC731C_CHO06 342.28 | 342.72 0.44 |Coal 7.2 0.082 | 0.536 0.049 16 6 10 -4 0.4 2.3 79 135 5.6 0 3 NAF
KEY Geochemical Classification Key
pH1., = pH of 1:2 extract NAPP = Net Acid Producing Potential (kgH,SO,/t) NAF = Non-Acid Forming
EC,., = Electrical Conductivity of 1:2 extract (dS/m) NAGpH = pH of NAG liquor PAF = Potentially Acid Forming
MPA = Maximum Potential Acidity (kgH,SO,/t) NAG45 = Net Acid Generation capacity to pH 4.5 (kgH,SO,/t) PAF-LC = PAF Low Capacity
ANC = Acid Neutralising Capacity (kgH,SO,/t) NAG,17.0 = Net Acid Generation capacity to pH 7.0 (kgH,SO,/t) UC = Uncertain (expected classification)

N
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Table B-1: Acid forming characteristics of the mine rock and development waste samples. CONTINUED

Depth (m) ACID-BASE ANALYSIS NAG (Standard) NAG (Extended Boil)
Ssample Code Sample | pH.,  ECis | Total Sulfide ANC/ Geochem.
From To | Interv. | Type ws  ws MPA ANC  NAPP NAPPg ‘o INAGPH NAGpus NAGpiro [NAGPH NAGpus NAGpro |  Class.
NC731C_CHO07 346.99 | 347.95 0.96 |Floor 8.2 0.136 | 0.050 0.01 2 2 0 -1 1.1 2.2 23 44 7.2 0 0 NAF
NC731C_CHO08 300.40 | 300.51 0.11 |Floor 7.8 0.110 | 0.091 0.01 3 3 0 -2 0.9 2.2 29 50 7.1 0 0 NAF
NC714C_CHO02 300.59 | 301.33 0.74 |Floor 7.9 0.107 | 0.020 0.009 1 2 -1 -1 2.6 3.3 3 15 6.9 0 0 NAF
NC739C_CHO02 374.10 | 374.19 0.09 |Floor 7.8 0.134 | 0.053 0.011 2 3 -1 -2 2 2.6 18 36 7.4 0 0 NAF
NC674CR_CHO02 374.25 | 375.24 0.99 |Floor 8.6 0.196 | 0.015 0.013 0 2 -2 -2 5.3 7.0 0 0 NAF
NC732C_CHO02 333.80 | 334.62 0.82 |Roof 8.5 0.250 | 0.267 0.028 8 7 1 -6 0.9 2.4 55 89 6.9 0 0 NAF
NC733C_CH02 343.22 | 343.66 0.44 |Floor 8.2 0.134 | 0.023 0.025 1 1 0 0 1.3 4.9 0 3 NAF
NC720C_CHO02 343.90 | 344.09 0.19 |Floor 8.5 0.181 | 0.017 0.006 1 2 -2 -2 4.1 7.3 0 0 NAF
NC738C_CHO04 350.08 | 351.08 1.00 [Roof 8.5 0.250 | 0.227 0.04 7 6 1 -5 0.9 2.6 38 63 7.2 0 0 NAF
NC738C_CHO05 359.74 | 359.94 0.20 |Floor 8.2 0.138 | 0.038 0.013 1 3 -1 -2 2.2 2.7 13 29 7.3 0 0 NAF
NC738C_CHO06 360.21 | 360.78 0.57 |Floor 8.5 0.164 | 0.016 0.017 0 2 -1 -1 3.7 5.2 0 3 NAF
NC734C_CHO02 351.77 | 352.78 1.01 [Roof 8.6 0.334 | 0.174 0.019 5 20 -14 -19 3.7 6.3 0 1 NAF
NC741C_CHO03 360.99 | 361.13 0.14 |Floor 7.9 0.095 | 0.029 0.011 1 2 -1 -2 25 2.7 12 28 7.1 0 0 NAF
NC741C_CHO04 362.11 | 363.10 0.99 |Floor 8.2 0.117 | 0.016 0.013 0 1 -1 -1 29 4.9 0 5 NAF
NC731C_CHO09 235.42 | 236.38 0.96 |Roof 8.6 0.337 | 0.058 0.025 2 11 -9 -10 6.2 5.7 0 3 NAF
NC731C_CH10 245.41 | 246.37 0.96 |Floor 8.5 0.170 | 0.037 0.024 1 2 -1 -1 15 3.1 5 19 6.9 0 0 NAF
NC731C_CH11 338.48 | 339.61 1.13 [Roof 8.4 0.183 | 0.037 0.019 1 5 -4 -4 4.4 4.5 0 6 NAF
NC731C_CH12 347.44 | 348.40 0.96 |Floor 8.6 0.106 | 0.021 0.009 1 3 -2 -3 4.6 7.0 0 0 NAF
KEY Geochemical Classification Key
pHy., = pH of 1:2 extract NAPP = Net Acid Producing Potential (kgH,SO,/t) NAF = Non-Acid Forming
EC,., = Electrical Conductivity of 1:2 extract (dS/m) NAGpH = pH of NAG liquor PAF = Potentially Acid Forming
MPA = Maximum Potential Acidity (kgH,SO,/t) NAG,145 = Net Acid Generation capacity to pH 4.5 (kgH,SO,/t) PAF-LC = PAF Low Capacity
ANC = Acid Neutralising Capacity (kgH,SO,/t) NAG70 = Net Acid Generation capacity to pH 7.0 (kgH,SO,/t) UC = Uncertain (expected classification)
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Table B-2: Multi-element composition of selected mine rock and development waste samples.

Element Concentration

Element Unit Dl_eitri(i:tt. 731-1 731-2 731-4 738-1 738-2 742-1 742-2 740-1 740-2 835-1 835-2 821-1 821-2 741-4
Waste Waste Floor Roof Floor Roof Floor Roof Floor Roof Floor Roof Floor Coal
Ag mg/kg 0.05 < < < < < < 0.06 0.2 < < 0.05 < < <
Al % 0.005% | 3.175% | 2.205% @ 4.365% | 6.528% | 8.151% @ 7.070% | 7.313% @ 7.280% | 9.839% | 9.924% @ 7.331% | 8.766% @ 6.470% | 1.722%
As mg/kg 0.5 4.7 2.4 0.6 2.8 0.8 1.2 1.3 2.0 1.1 8.6 1.9 8.7 1.2 3.9
B mg/kg 50 < < < < < < < < < < < < < <
Ba mg/kg 0.1 92.6 174.8 195.7 405.8 287.9 235.6 384.2 362.4 470.5 508.6 410.2 571.1 361.6 83.6
Be mg/kg 0.05 5.37 5.40 1.74 1.31 1.28 1.35 1.63 2.11 3.09 1.57 1.42 1.48 1.16 1.79
Ca % 0.005% | 0.077% | 0.251% | 0.024% | 0.089% | 0.044% & 0.114% | 0.029% | 0.108% | 0.039% | 0.098% | 0.014% & 0.103% & 0.047% @ 0.106%
Cd mg/kg 0.02 0.11 0.08 0.07 0.12 0.06 0.20 0.07 0.15 0.12 0.16 0.08 0.13 0.06 <
Co mg/kg 0.1 6.3 10.8 2.3 3.7 15 4.8 2.7 6.3 1.6 45 34 3.3 1.3 9.9
Cr mag/kg 5 < 22 51 21 49 12 57 16 69 32 63 32 54 7
Cu mg/kg 1 8 17 20 21 25 19 16 16 30 23 11 19 10 9
Fe % 0.01% 0.17% 0.09% 0.27% 1.04% 0.99% 0.86% 0.52% 0.88% 0.46% 1.36% 0.34% 0.99% 1.31% 0.85%
Hg mg/kg 0.2 0.010 0.044 0.018 0.038 0.016 0.066 0.016 0.091 0.044 0.044 0.051 0.046 0.021 0.007
K % 0.002% | 0.102% | 0.137% @ 0.736% | 1.759% | 1.077% @ 0.869% & 1.577% 1.723% | 1.817% & 2.369% @ 1.712% | 2.363% @ 1.457% | 0.173%
Mg % 0.002% | 0.045% | 0.088% | 0.112% @ 0.289% | 0.152% | 0.160% @ 0.102% | 0.192% | 0.188% & 0.319% & 0.098% | 0.201% & 0.088% | 0.089%
Mn mg/kg 1 16 10 17 59 213 30 151 49 22 99 29 108 428 179
Mo mg/kg 0.1 3.0 25 0.4 1.8 0.2 1.6 0.3 1.8 0.3 1.0 0.3 1.0 0.2 3.1
Na % 0.002% | 0.055% | 0.063% @ 0.095% | 0.172% | 0.114% @ 0.113% & 0.123%  0.206% | 0.183% | 0.494%  0.137% | 0.207% @ 0.104% | 0.040%
Ni mg/kg 1 9 13 10 8 10 8 11 9 9 10 7 9 5 10
P mg/kg 50 < 63 60 72 70 75 75 73 140 103 75 127 < <
Pb mg/kg 0.5 20.2 115 18.3 17.4 20.8 17.8 23.7 23.1 28.7 23.9 26.5 22.1 17.7 7.2
Sb mg/kg 0.05 7.04 1.49 0.91 0.98 0.49 0.46 0.39 0.84 0.51 1.01 0.34 0.84 0.37 0.58
Se mg/kg 0.01 0.11 0.28 0.29 0.24 0.27 0.42 0.19 0.31 0.33 0.23 0.09 0.25 0.05 0.14
Si % 0.001 0.03 0.13 0.27 0.23 0.32 0.17 0.34 0.20 0.30 0.30 0.35 0.31 0.36 0.07
Sn mg/kg 0.1 29 15 3.2 25 3.8 3.1 3.1 3.6 4.4 3.6 3.5 3.1 2.3 0.6
Th mg/kg 0.01 12.17 8.17 11.24 11.89 13.54 12.34 13.10 15.24 17.75 15.54 11.21 14.31 8.00 3.21
U mg/kg 0.01 3.65 2.73 2.58 3.48 2.65 3.11 3.20 3.98 341 4.56 2.66 4.14 2.00 1.41
\Y mg/kg 1 15 58 90 89 62 52 72 62 146 101 71 90 28 31
Zn mg/kg 1 50 38 36 21 15 82 49 a7 49 74 89 66 17 7

< element at or below analytical detection limit.




Table B-3: Geochemical abundance indices for selected mine rock and development waste samples.

*Mean Geochemical Abundance Indicies (GAI)
Element | Crustal 731-1 731-2 731-4 738-1 738-2 742-1 742-2 740-1 740-2 835-1 835-2 821-1 821-2 741-4
Abund. Waste Waste Floor Roof Floor Roof Floor Roof Floor Roof Floor Roof Floor Coal
Ag 0.07 - - - - - - - 1 - - - - - -
Al 8.2% - - - - - - - - - - - - - -
As 1.5 1 - - - - - - - - 2 - 2 - 1
B 10 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Ba 500 - - - - - - - - - - - - - -
Be 2.6 - - - - - - - - - - - - - -
Ca 4.0% - - - - - - - - - - - - - -
Cd 0.11 - - - - - - - - - - - - - -
Co 20 - - - - - - - - - - - - - -
Cr 100 - - - - - - - - - - - - - -
Cu 50 - - - - - - - - - - - - - -
Fe 4.1% - - - - - - - - - - - - - -
Hg 0.2 - - - - - - - - - - - - - -
K 2.1% - - - - - - - - - - - - - -
Mg 2.3% - - - - - - - - - - - - - -
Mn 950 - - - - - - - - - - - - - -
Mo 15 - - - - - - - - - - - - - -
Na 2.3% - - - - - - - - - - - - - -
Ni 80 - - - - - - - - - - - - - -
P 1000 - - - - - - - - - - - - - -
Pb 14 - - - - - - - - - - - - - -
Sb 0.2 5 2 2 2 1 1 - 1 1 2 - 1 - 1
Se 0.05 1 2 2 2 2 2 1 2 2 2 - 2 - 1
Si 27.7% - - - - - - - - - - - - - -
Sn 2.2 - - - - - - - - - - - - - -
Th 12 - - - - - - - - - - - - - -
U 2.4 - - - - - - - - - - - - - -
\% 160 - - - - - - - - - - - - - -
Zn 75 - - - - - - - - - - - - - -

*Bowen H.J.M.(1979) Environmental Chemistry of the Elements.




Table B-4: Chemical composition of water extracts from selected mine rock and development waste samples.

Chemical Compostion

Parameter  Unit Dei?;ti'ton 7311 | 7312 7314 7381 7382  742-1 | 7422  740-1 | 7402 8351 | 8352 | 821-1 | 8212 | 7414
Waste Waste Floor Roof Floor Roof Floor Roof Floor Roof Floor Roof Floor Coal
pH 0.1 7.0 7.7 7.2 8.1 7.7 8.5 8.2 8.5 8.2 8.6 8.5 8.4 8.6 7.2
EC dS/m 0.001 0.178 0.155 0.095 0.231 0.100 0.250 0.134 0.250 0.138 0.337 0.170 0.183 0.106 0.082
SO4 mg/l 0.3 32.3 14.7 12.2 8.4 10.6 11.2 26.2 12.0 15.9 324 42.3 23.6 13.5 5.2
Cl mg/| 2.0 6 2 3 2 2 2 2 2 2 5 6 2 3 6
Major Constituents
Al mg/l 0.01 0.06 0.18 0.10 0.71 0.27 2.17 0.21 221 1.07 3.71 0.63 2.57 1.39 0.10
B mg/l 0.01 0.06 0.05 0.05 0.03 0.04 0.05 0.02 0.04 0.06 0.1 0.05 0.04 0.03 0.09
Ca mg/l 0.01 1.34 1.53 0.21 0.25 0.14 0.50 0.13 0.40 0.15 0.24 0.09 0.27 0.22 0.27
Cr mg/l 0.01 < < < < < < < < < < < < < <
Cu mg/l 0.01 < < < < < < < < < < < < < <
Fe mg/| 0.01 0.02 0.02 < 0.08 0.03 0.21 0.03 0.19 0.25 0.22 0.04 0.17 0.09 0.04
K mg/l 0.1 1.7 21 0.9 3.8 14 4.1 1.3 438 17 9.6 3.1 4.6 24 1.8
Mg mg/| 0.01 0.61 0.27 0.03 0.07 0.03 0.15 0.02 0.14 0.04 0.22 0.05 0.14 0.07 0.05
Mn mg/l 0.01 < < < < < < < < < < < < < <
Na mg/l 0.1 54.5 53.6 29.3 69.8 35.4 96.0 46.9 94.0 60.9 154.7 77.2 86.0 56.5 34.7
Ni mg/l 0.01 < < < < < < < < < < < 0.01 < <
P mg/l 0.1 < < < < < < < < < < < < < <
Si mg/l 0.05 1.13 1.45 3.07 4.14 3.58 5.40 3.34 5.62 5.72 5.49 2.80 7.30 5.87 2.13
Vv mg/| 0.01 < 0.01 0.01 0.02 < < < 0.01 0.03 0.02 < 0.02 < <
Zn mgl/l 0.01 0.01 0.01 0.05 0.01 0.01 0.01 0.02 0.01 0.18 0.01 < 0.04 0.01 <
Minor Constituents
Ag ug/l 0.01 0.09 0.02 0.07 0.03 0.02 0.02 0.01 < 0.16 0.06 0.04 0.01 < 0.02
As ug/I 0.1 6.6 52.4 4.9 99.3 20.7 6.1 37.9 26.7 11.9 174.7 63.5 788.8 27.9 2.7
Ba ug/l 0.05 78.85 59.37 7.91 18.22 7.34 27.72 6.43 39.14 14.61 17.73 5.05 21.41 15.62 10.43
Be ug/l 0.1 < < 0.2 < 0.3 0.2 0.2 < 0.3 0.2 <
Cd ug/l 0.50 < < < < < < < < < 0.60
Co ug/l 0.1 0.9 0.4 0.1 0.1 < 0.4 0.2 0.4 < 0.8 0.3 3.4 0.6 0.3
Hg ug/l 0.1 < < < < < < < < < < < < <
Mo ug/l 0.05 126.97 | 168.36 4.86 249.05 7.15 199.69 18.58 127.97 11.36 235.83 49.88 345.21 18.35 67.52
Pb ug/l 2.0 3.0 < < < < < < < 3.0 < < 3.0 < 3.0
Sb ug/I 0.01 4.86 2.16 0.93 1.10 1.37 0.47 2.26 1.20 1.77 3.74 2.40 5.78 1.68 0.41
Se ug/l 0.5 59.0 64.7 46.4 61.2 51.1 108.7 75.0 121.9 715 85.6 28.3 85.8 18.3 23.9
Sn ug/l 0.1 < < < < < < < 0.1 < 0.1 < < < <
Th ug/l 0.005 0.044 0.041 0.020 0.385 0.086 0.271 0.013 0.758 0.566 0.632 0.186 0.777 0.267 0.029
U ug/l 0.005 0.899 1.215 0.050 0.337 0.031 0.736 0.065 1.255 0.105 0.341 0.074 0.211 0.063 0.177

< element at or below analytical detection limit.




Attachment C

Coal, Coarse Reject and Exploration Drill Hole Waste

Geochemical Test Results

Table C-1: Acid forming characteristics of the raw coal, product coal and coarse reject
composite samples.

Table C-2: Multi-element composition and geochemical abundance indices for the coal and
coarse reject composites, and the exploration drill hole waste.

Table C-3: Chemical composition of water extracts from coal and coarse reject composites,
and of the water extract and decant from the exploration drill hole waste.



Table C-1: Acid forming characteristics of the raw coal, product coal and coarse reject composite samples.

ACID-BASE ANALYSIS NAG (Standard) NAG (Extended Boil)
Material | Composite oH EC Geochem
Tvpe Sample ID 12 12| Total Sulfide ANC/ Class.
yp P ws s MPA ANC NAPP NAPPy. ' |NAGPH NAGpus NAGpuo [ NAGPH NAGous NAGpuro
HSK2 Seam | 7.3 0.143| 0.33 0.018 10 7 3 -6 0.7 24 121 199 7.1 0 0 NAF
Raw Coal
Other
83 0.360| 0.34 0.055 10 9 1 -7 0.9 2.6 78 133 7.2 0 0 NAF
Seams
PCI 6.9 0.087| 0.37 0.014 11 1 10 -1 0.1 24 128 209 6.5 0 1 NAF
Product
Coal
Thermal 7.1 0.161) 0.38 0.057 12 8 4 -6 0.7 2.5 102 168 7.2 0 0 NAF
CR‘;TSC‘: Rejects 62 1050| 374 348 114 50 64 56 0.4 3.0 37 54 3.9 1 3 PAF
KEY Geochemical Classification Key
pH;., = pH of 1:2 extract NAPP = Net Acid Producing Potential (kgH,SO,/t) NAF = Non-Acid Forming
EC,., = Electrical Conductivity of 1:2 extract (dS/m) NAGpH = pH of NAG liquor PAF = Potentially Acid Forming
MPA = Maximum Potential Acidity (kgH,SO,/t) NAG,u45 = Net Acid Generation capacity to pH 4.5 (kgH,SO,/t) PAF-LC = PAF Low Capacity
ANC = Acid Neutralising Capacity (kgH,SO,/t) NAG 7,0 = Net Acid Generation capacity to pH 7.0 (kgH,SO,/t) UC = Uncertain (expected class.)




Table C-2: Multi-element composition and geochemical abundance indices for the coal and coarse reject composites, and the exploration drill hole waste.

Element Concentration

Geochemical Abundance Indicies (GAIl)

*Mean
Element Unit Dfitg(i:tt- Raw Coal Product Coal Coarse il Wast Element | Crustal Raw Coal Product Coal Coarse Oril
HSK2 Other PCI Coal Thermal Reject nil Waste Abund. HSK2 Other PCI Coal Thermal | Reject Waste
Seam Seams Coal Seam Seams Coal

Ag mg/kg 0.05 < < < < < < Ag 0.07 - - - - - -

Al % 0.005% 1.197% 6.664% 0.156% 0.287% 4.673% 8.720% Al 8.2% - - - - - -

As mg/kg 0.5 < 2.8 < 0.7 143.0 9.0 As 1.5 - - - - 6 2

B mg/kg 50 < < < < < < B 10 <2 <2 <2 <2 <2 <2
Ba mag/kg 0.1 34.5 126.6 16.3 134 162.8 362.2 Ba 500 - - - - - -

Be mg/kg 0.05 1.14 1.83 0.40 0.33 1.15 1.86 Be 2.6 - - - - - -

Ca % 0.005% 0.127% 0.265% 0.012% 0.055% 0.875% 0.581% Ca 4.0% - - - - - -

Cd mg/kg 0.02 0.07 0.18 0.05 0.04 0.33 0.44 Cd 0.11 - - - - 1 1

Co mag/kg 0.1 2.2 3.9 14 0.6 4.6 40.5 Co 20 - - - - - -

Cr mg/kg 5 9 12 < < 18 188 Cr 100 - - - - - -

Cu mg/kg 1 5 20 4 2 14 37 Cu 50 - - - - - -

Fe % 0.01% 0.49% 0.92% 0.27% 0.88% 11.30% 15.70% Fe 4.1% - - - - 1 1

Hg mg/kg 0.2 0.033 0.063 0.006 0.042 1.124 0.173 Hg 0.2 - - - - 2 -

K % 0.002% 0.029% 0.274% 0.010% 0.011% 0.359% 0.504% K 2.1% - - - - - -

Mg % 0.002% 0.056% 0.108% 0.004% 0.019% 0.518% 0.261% Mg 2.3% - - - - - -

Mn mg/kg 1 110 196 55 74 2842 5929 Mn 950 - - - - 1 2
Mo mg/kg 0.1 0.3 1.9 0.2 0.2 19.3 1.6 Mo 15 - - - - 3 -

Na % 0.002% 0.026% 0.085% 0.013% 0.012% 0.071% 0.206% Na 2.3% - - - - - -

Ni mag/kg 1 9 6 6 3 15 115 Ni 80 - - - - - -

P mg/kg 50 < 57 < < 60 1050 P 1000 - - - - - -

Pb mg/kg 0.5 4.3 17.6 3.1 2.7 14.6 13.9 Pb 14 - - - - - -

Sb mg/kg 0.05 0.13 0.52 < < 1.53 0.38 Sb 0.2 - 1 - - 2 -

Se mg/kg 0.01 0.56 0.67 0.43 0.71 1.84 0.91 Se 0.05 3 3 3 3 5 4
Si % 0.001 0.05 0.11 0.03 0.05 0.11 0.16 Si 27.7% - - - - - -

Sn mg/kg 0.1 0.5 2.8 0.2 0.2 3.3 2.4 Sn 2.2 - - - - - -

Th mg/kg 0.01 2.76 10.32 0.60 0.81 5.11 7.43 Th 12 - - - - - -

U mg/kg 0.01 0.89 2.80 0.26 0.30 2.66 2.05 U 2.4 - - - - - -

\Y, mg/kg 1 16 51 5 4 34 173 \Y, 160 - - - - - -

Zn mg/kg 1 19 43 7 7 63 91 Zn 75 - - - - - -

< element at or below analytical detection limit.

*Bowen H.J.M.(1979) Environmental Chemistry of the Elements.




Table C-3: Chemical composition of water extracts from coal and coarse reject composites, and
of the water extract and decant from the exploration drill hole waste.

Chemical Compostion
parameter | Unit DLeitgti:tt. Raw Coal Product Coal Coarse Drill Waste
g?:nf Scét;irs PCI Thermal | Reject Extract = Decant
pH 0.1 7.3 8.3 6.9 7.1 6.2 8.9 7.3
EC dS/m 0.001 0.143 0.360 0.087 0.161 1.050 0.693 3.590
S04 mg/| 0.3 15.5 90.2 8.8 33.0 890.7 132.0 188.0
Cl mg/l 2.0 7 4 10 21 21 108 470
Major Constituents
Al mg/l 0.01 0.19 0.81 0.04 0.08 0.04 0.35 0.37
B mg/| 0.01 0.08 0.05 0.05 0.07 0.02 0.08 0.17
Ca mg/l 0.01 9.28 2.87 3.74 15.66 131.11 2.83 7.53
Cr mg/l 0.01 < < < < < < <
Cu mg/l 0.01 < < < < < 0.01 0.01
Fe mg/| 0.01 0.02 0.13 0.01 0.03 0.02 0.37 0.06
K mg/l 0.1 35 7.1 2.4 5.7 20.9 6.6 15.6
Mg mg/| 0.01 1.72 0.38 1.15 3.59 33.68 0.74 6.51
Mn mg/l 0.01 < < < < 0.1 0.0 0.0
Na mg/| 0.1 66.4 159.9 45.1 73.7 294.4 276.1 1072.6
Ni mg/l 0.01 < < < < < 0.06 0.16
P mg/l 0.1 < < < < < < <
Si mg/| 0.05 0.96 3.12 1.64 2.74 231 2.35 2.89
\Y, mg/| 0.01 < < < < < 0.02 <
Zn mg/l 0.01 0.01 0.01 < 0.02 0.01 0.03 0.04
Minor Constituents
Ag ug/I 0.01 < < < 0.01 0.02 0.01 <
As ug/l 0.1 1.0 3.4 0.6 1.2 14 27.6 5.8
Ba ug/l 0.05 82.62 66.04 32.18 128.25 54.05 147.12 144.88
Be ug/l 0.1 < < < < < < <
Cd ug/l 0.50 < < < < < 0.60 <
Co ug/l 0.1 0.2 0.4 0.2 0.2 6.4 214 165.2
Hg ug/l 0.1 < < < < < < <
Mo ug/l 0.05 51.39 178.17 43.13 54.65 10.35 434.43 365.78
Pb ug/l 2.0 3.0 < 4.0 < < < <
Sb ug/l 0.01 0.42 0.93 0.45 0.43 0.44 4.19 2.48
Se ug/l 0.5 164.7 170.6 81.3 108.8 138.4 57.1 4.5
Sn ug/l 0.1 < < < 0.2 < < <
Th ug/l 0.005 0.006 0.243 0.011 < 0.009 0.029 0.028
U ug/l 0.005 0.317 1.089 0.046 0.659 3.026 0.986 1.586

< element at or below analytical detection limit.




	Attachment A Tables.pdf
	Table A1

	Attachment B Tables.pdf
	Table B-1
	Attachment B Tables B2 & B3.pdf
	Table B2&3

	Attachment B Table B4.pdf
	Table B3


	Attachment C Tablesv2.pdf
	Table C1
	Table C2
	Table C3




