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Executive Summary Mineral Waste 

BHP Billiton Mitsubishi Alliance (BMA) commissioned URS Australia Pty Ltd to undertake a 

geochemical study to assess the acid and metalliferous drainage and mineral waste potential risks for 

its proposed Red Hill Mining Lease (the project). 

The geochemical study involved: 

 review of previous geochemical investigations conducted in the area broadly covered by the 

project; 

 geochemical testing of 46 overburden, 19 coal roof and floor materials, eight coarse rejects, and 10 

tailings samples.  Testing included  pH (1:5), electrical conductivity (1:5), acid neutralising capacity, 

total sulfur, sulfide-sulfur, net acid producing potential, net acid generation test, and sodicity; and 

 assessing the potential environmental risk that may be associated with mining, handling and 

storing of these mine waste materials.   

The results from this study are consistent with previous investigations.  The mineral waste materials 

tested (except tailings) have negligible sulfide-sulfur concentrations (<0.1 per cent).  Eighty-six per 

cent of all samples tested were non-acid forming (NAF) or acid consuming.  The geochemical 

classification is not dependent on rock type or sample depth.  All overburden, coarse rejects, and coal 

roof and floor samples tested are NAF, while tailings samples are typically potentially acid forming 

(PAF).  

The results show that the risk of the mineral waste materials causing marked water quality impacts on 

downstream receiving environments is low, and is unlikely to present any environmental issues 

associated with revegetation and rehabilitation in terms of adverse effects on plant growth.  It may; 

however, be susceptible to spontaneous dispersion when it becomes wet or after applied mechanical 

work, and thus would not be suitable for use as a final cover material. 

Recommendations include: 

 Ongoing geochemical evaluation of actual reject materials generated from the project, and 

overburden, potential reject (i.e. coal roof and coal floor materials) and Goonyella Middle Seam 

coal samples collected from in-fill drilling core samples ahead of mining, at least on an annual 

basis, to confirm the NAF nature or delineate any PAF materials prior to mining. 

 Non-selective handling of overburden, generated during the underground development phase, as 

they are expected to be NAF.  Overburden materials, with suitable geotechnical properties, will be 

used for engineering and construction purposes.   

 Excavated spoil (waste rock material) with properties unsuitable for engineering and construction 

purposes will be placed in designated mineral waste disposal areas at the Goonyella, Riverside 

and Broadmeadow (GRB) mine complex according to the existing approved overburden 

management practices. 

 Storing all coarse reject materials in in-pit spoil dumps at the GRB mine complex where they will be 

mechanically mixed by dozer into the spoil and compacted.  Lime dosing of compacted coarse 

reject layers (one to two metres) will be used (as a precautionary measure) to extend the lag period 

in the unlikely event of any acid generation. 

 Managing out-of-pit overburden to maximise the mass of saline and/or sodic materials reporting to 

the core of storage facilities, with measures in place to prevent or minimise water flow over 

potentially dispersive materials on spoil dumps and by avoiding placement at the final top surface 

and final surface of the outer slopes and batters. 

 Lime amendment of PAF rejects materials (dewatered) if they generate leachate pH values less 

than 5.0. 
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1 

1 
Introduction  

1.1 Background 
The Red Hill Mining Lease is located adjacent to the existing Goonyella, Riverside and Broadmeadow 

(GRB) mine complex in the Bowen Basin, approximately 20 kilometres north of Moranbah and 

135 kilometres south-west by road from Mackay, Queensland.   

BHP Billiton Mitsubishi Alliance (BMA), through its joint venture manager, BM Alliance Coal 

Operations Pty Ltd, proposes to convert the existing Red Hill Mining Lease Application (MLA) 70421 to 

enable the continuation of existing mining operations associated with the GRB mine complex.  

Specifically, the mining lease conversion will allow for: 

 An extension of three longwall panels (14, 15 and 16) of the existing Broadmeadow underground 

mine (BRM). 

 A future incremental expansion option of the existing Goonyella Riverside Mine (GRM). 

 A future Red Hill Mine (RHM) underground expansion option located to the east of the GRM. 

The three project elements described above are collectively referred to as ‘the project’. The project will 

include the following components: 

 The extension of BRM longwall panels 14, 15, and 16 into MLA70421.  Key elements include; 

– No new mining infrastructure is proposed other than infrastructure required for drainage of 

incidental mine gas (IMG) to enable safe and efficient mining.   

– Management of waste and water produced from drainage of IMG will be integrated with the 

existing BRM waste and water management systems. 

– The mining of the BRM panel extensions is to sustain existing production rates of the BRM 

mine and will extend the life of mine by approximately one year.   

– The existing BRM workforce will complete all work associated with the extensions. 

 The incremental expansion of the GRM including: 

– underground mining associated with the RHM underground expansion option to target the 

Goonyella Middle Seam (GMS); 

– a new mine industrial area (MIA); 

– a coal handling and preparation plant (CHPP) adjacent to the Riverside MIA on MLA1764 and 

mining lease (ML) 1900 − the Red Hill CHPP will consist of up to three 1,200 tonne per hour 

modules; 

– construction of a drift for mine access; 

– a conveyor system linking RHM to the Red Hill CHPP; 

– associated coal handling infrastructure and stockpiles; 

– a new conveyor linking product coal stockpiles to a new rail load-out facility located on ML 

1900; and 

– means for providing flood protection to the mine access and MIA, potentially requiring a levee 

along the west bank of the Isaac River. 
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 A potential new RHM underground expansion option to the east of the GRB mine complex, to 

target the GMS on MLA70421.  Key aspects include: 

– the proposed mine layout consists of a main drive extending approximately west to east with 

longwall panels ranging to the north and south; 

– a network of bores and associated surface infrastructure over the underground mine footprint 

for mine gas pre-drainage (IMG) and management of goaf methane drainage to enable the 

safe extraction of coal; 

– a ventilation system for the underground workings; 

– a bridge across the Isaac River for all-weather access.  This will be located above the main 

headings, and will also provide a crossing point for other mine related infrastructure including 

water pipelines and power supply;  

– a new accommodation village (Red Hill accommodation village) for the up to 100 per cent 

remote construction and operational workforces with capacity for up to 3,000 workers; and 

– potential production capacity of 14mtpa of high quality hard coking coal over a life of 20 to 25 

years. 

BMA commissioned URS Australia Pty Ltd (URS) to undertake a geochemical study to assess the 

acid and metalliferous drainage (AMD) and mineral waste risks that may be caused by the proposed 

project.  BMA is seeking to use the outcomes of the study as part of the project’s EIS submission. 

The geochemical study consisted of three components: 

 Review of previous geochemical investigation programs to provide a summary of the geochemical 

characteristics and AMD potential of mineral waste samples collected from the GRB mine complex. 

 Geochemical testing of overburden, coarse rejects and tailings, and coal roof and floor materials 

likely to be disturbed and/or generated by the proposed project in order to assess their AMD 

potential. 

 Assess the potential environmental risks that may be associated with mining, handling and storing 

of these materials.   

The results of the geochemical study and implications for AMD and mineral waste management are 

presented and discussed in this report.  
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1.2 Local Geological Setting 
The project is situated on the north-western margin of the Bowen Basin on the Collinsville Shelf (BMA 

2010a).  The geology of the project comprises Permian age sandstone, siltstone, mudstone, claystone 

and coal, which displays little lithological variability throughout the entire site (west to east and north to 

south).  The Permian age sediments dip towards the east at between 3 and 5 degrees, and are 

unconformably overlain by poorly consolidated Tertiary and Quaternary age sediments (minor gravels, 

clays and sands and basalt), which vary in thickness from 0 to 30 metres. 

Tertiary age basalt occurs, unconformably over the Permian sediments, primarily in the central area of 

the project, above the BRM.  The depth of weathering is relatively uniform across the site 

(approximately 240 to 260 metres AHD (Australian Height Datum).  Depending upon the local 

topography, the depth of weathering at any given location is generally about 15 to 30 metres below 

natural surface. 

The local stratigraphical sequence is shown in Table 1-1.  There are three major coal bearing 

geological formations of Permian age within the EIS study area boundary, namely: 

 Rangal Coal Measures; 

 Fort Cooper Coal Measures; and 

 Moranbah Coal Measures. 

Table 1-1 Local Stratigraphical Sequence 

Age Group Unit Lithology Thickness 
(m) 

Quaternary  Alluvial deposits Residual soils and colluvium units include all 
blanketing sandy, loamy and clay soils 

0 – 30 

Tertiary  Suttor 
Formation 

Mainly unconsolidated sand and clay alluvial 
deposits, minor basalt flows 

Late 
Permian 

Blackwater Rangal Coal 
Measures 

Grey sandstone and siltstone, with interbedded 
mudstone, carbonaceous mudstone and coal 

70 

Fort Cooper 
Coal Measures 

Lithic grey sandstone, siltstone and mudstone, 
with thick inferior coal interbedded with 
carbonaceous mudstone 

400 

Moranbah Coal 
Measures 

Labile grey sandstone and siltstone, mudstone, 
carbonaceous mudstone and coal seams 
including:  

 Goonyella Upper Seam (GUS); 

 GMS; and 

 Goonyella Lower Seam (GLS). 

200 – 300 

Back 
Greek 

German Creek 
Formation 

Predominantly quartzose sandstones, silty 
sandstone, mudstone, carbonaceous mudstone 
and coal 

Unknown 

 

The Rangal Coal Measures only outcrops in the far eastern corner of the lease, and do not form a 

viable (economic) target for a hard coke product due to rank, quality and resource geometry.  The Fort 

Cooper Coal Measures contain thick, stone banded, poor quality coal seams that are not considered 

economic. 
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The Moranbah Coal Measures, the target coal measures, have been the most extensively explored of 

the coal measures.  They are characterised by several laterally persistent, relatively thick coal seams 

interspersed with several thin minor plys/seams.  Most partings are thin tuffaceous claystones.  The 

major seams are:  

 GUS; 

 Goonyella ‘P’ Seam; 

 GMS; and  

 GLS. 

The current GRB mine complex targets the GUS, GMS, and GLS through open-cut mining and GMS 

through underground mining.  Some minor inter-seams, which commonly split and coalesce, are also 

present; however, these seams are typically uneconomic and are unlikely to be mined (e.g. Goonyella 

‘P’ seam between the GUS and GMS).  The coal product is quality coking coal.  The proposed RHM 

will target only the GMS.  

The depth of overburden (and interburden) cover material at the project ranges from approximately 

10 metres at the eastern extent of the current operations to approximately 300 metres on the eastern 

extent of the proposed open cut, above the GMS. 

For this report, the term ‘waste rock’ is defined and includes: 

 all overburden above the GUS; 

 all interburden between the GUS and GMS; and 

 all interburden between the GMS and GLS. 

1.3 Mining and Processing 
Coal is currently mined from the Goonyella and Riverside open cut operations and from the BRM 

operation.  The proposed project involves developing the RHM as a longwall operation and extending 

the BRM using the existing longwall method. 

1.3.1 Existing Open Cut Mining 

The current open cut operation is a conventional dragline and truck-shovel pre-strip operation with 

coal haulage by bottom-dump coal hauler to the run-of-mine (ROM) dump stations.  Multiple coal 

seams are extracted in any particular strip. 

In general, the open cut mining sequence will involve: 

 progressively clearing of any vegetation occurring on areas required for the operation; 

 stockpiling topsoil from disturbed areas for storage and use in future rehabilitation of the project; 

 pre-stripping / excavation of unconsolidated / soft overburden waste using excavators and trucks; 

 dumping over previously stripped dragline spoil; 

 drill and blasting of upper competent overburden waste; 

 removal of waste rock, using a combination of dozers, excavators and trucks; and dumping over 

previously excavated pits or out-of-pit spoil dumps; 

 coal mining of upper seams using a combination of dozers, excavators, loaders and trucks; 

 side casting of lower overburden into the previously mined strip using a dragline; 

 coal mining to lower seams; and 
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 rehabilitation of spoil piles by re-shaping the waste rock dumps, topsoiling and revegetation using 

native vegetation. 

1.3.2 Existing Broadmeadow Underground Mine 

The existing BRM, targeting the GMS, commenced in 2003.  The GMS is mined at BRM using the 

punch longwall method, which uses an existing open-cut pit for access to the underground mine.  The 

operations are developed by driving roadways into the coal seam at the base of the existing open-cut 

highwall in an easterly direction, down-dip towards the lease boundary.  The overburden materials and 

GLS are not mined as part of the current BRM operation. 

High reach longwall equipment is employed as an efficient method providing for additional coal 

recovery over conventional longwall equipment.  Thick seam mining (TSM) equipment has recently 

been implemented at BRM to increase coal resource recovery.  

Longwall coal resource extraction causes the interburden behind the longwall roof supports to 

progressively collapse.  Therefore, following underground mining of the GMS, the overlaying strata 

(including the GUS) will collapse into the void causing the natural ground level to subside.  The 

amount of subsidence impact is dependent on the type and strength of overlying strata, seam 

thickness, the seam extraction height, the mining panel widths, and mining depths.  

1.3.3 Proposed Red Hill Mine 

The proposed RHM will target the GMS to the north east of the existing BRM.  The mine will be 

developed as a conventional underground operation with drifts for access and services, and main 

drives for coal longwall access and coal transport.  It will use the TSM method for coal resource 

extraction. 

Development of the RHM will require the construction of a 2.5 kilometre long drift.  The drift will 

intersect the coal seam at an approximate depth of 250 metres.  This will be followed by development 

of underground roadways using continuous miners, followed by the commencement of longwall 

mining. 

1.3.4 Proposed Broadmeadow Extension 

The BRM footprint will be extended eastward into MLA70421 to allow additional reserves to be 

incorporated into the mine plan. 

1.3.5 Coal Handling and Processing 
As part of the coal handling and processing activities, the following infrastructure is expected to be 

developed as part of the GRM incremental expansion: 

 A new coal handling and preparation plant (CHPP), referred to as Red Hill CHPP, at the expanded 

Riverside mine industrial area (MIA). The current conceptual design has two modules, each 

capable of processing 1,200 tonnes of coal per hour, giving a total capacity of 2,400 tonnes per 

hour.  A third module, also of capacity 1,200 tonnes per hour, may be installed at a later date. 

 A new coal clearance system from the new RHM to the ROM stockpile at Red Hill CHPP. 

 New coal handling infrastructure. 
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 Two new raw coal stockpiles (conical) with the capacity to hold approximately 120,000 tonne each 

and the ability to expand to 450,000 tonne each. 

 Capacity upgrades at the existing Goonyella CHPP and Riverside CHPP to provide an additional 

0.5 mtpa of product coal. 

1.3.6 Spoil Disposal 

As the project involves only underground mining, the waste rock material located above (overburden) 

and between the coal seams (interburden) is removed only during the construction of drifts for access 

and services, and main drives for coal longwall access and coal transport only, in order to access the 

coal seam.  For this report, these waste rock materials will be collectively called spoil (or overburden). 

The project will not generate any substantial quantities of overburden, with much of the overburden 

expected to remain largely intact.  Spoil materials, with suitable geotechnical properties, will be used 

for engineering and construction purposes such as bulk fill, road sub-base and construction material 

for laydown areas.  

Spoil that is unsuitable for engineering purposes or in excess of requirements will be placed in the 

GRB mine complex existing waste storage facilities according to the existing approved overburden 

management practices. 

1.3.7 Rejects and Tailings Management for RHM 

The rejects materials from the Red Hill CHPP will consist of coarse rejects (>2.5 millimetres) from the 

dense medium cyclones, fine rejects (<2.5 to 0.25 millimetres) from the desliming cyclones, and 

flotation tailings (<0.25 millimetres) from the floatation cells.  

These reject materials from Red Hill CHPP will be managed as follows: 

 Dense medium coarse reject material will be dewatered on the rejects drain and rinse screens and 

transported via the rejects conveyor to the rejects bin.  In circumstances where the capacity of the 

rejects bin is exceeded, overflow will be discharged to a designated rejects bunker.  The bunker will 

provide access for a loader for removal of coarse rejects as required. 

 Fine reject material from the reflux classifiers will be transferred to the fine coal reject dewatering 

screen and dewatered using filter, centrifuge, and de-aeration techniques.  Dewatered rejects will 

be transported via the reject conveyor to the rejects bin. 

 Flotation tailings material from the flotation cells will be transferred to a high rate tailings thickener.  

Solids from the thickener underflow will be pumped to multiple belt press filters.  Under normal 

operating conditions, the solids discharged from the belt press filters (dewatered dry tailings) will be 

transferred by a conveyor and discharged onto the coarse rejects conveyor feeding the rejects bin. 

Recovered water from dewatering of reject and tailings materials will be recycled to Red Hill CHPP. 

The rejects bin will be designed to ensure an adequate capacity to suit the proposed reject handling 

fleet.  The bin will be emptied on an as-needs basis and will discharge via a pneumatically operated 

bottom dump gate for loading into haul trucks.  

All rejects (dense medium coarse rejects, fine rejects and dewatered tailings) from the rejects bin will 

be placed within the existing GRB mine complex waste storage facilities.  There is no anticipated 

requirement for an increase to or construction of a new tailings dam as a consequence of the project.   
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The tailings and rejects management approach will align with the GRB mine complex Tailings 

Management and Rehabilitation Management Plans including the following measures: 

 All reject material will be trucked to designated GRB mine complex site storage facility. 

 Dumps will be developed in line with the GRB mine complex mine plan. 

 Reject material will not be placed within 10 metres of the final landform surface (Figure 1–2).  This 

will be managed by survey limit pegs. 

 Survey control will be used to ensure documented evidence of thickness of cover is recorded. 

As a contingency, systems will be in place to pump tailings slurry from the thickener underflow from 

the Red Hill CHPP to the existing Riverside tailings dam (RS1) and Goonyella tailings dam (GS1) in 

the event that: 

 The dewatered tailings are too wet or have inadequate residue moisture content/consistency and 

thus present a slumping risk when mixed with spoil for disposal.  Slumping may cause a significant 

safety hazard or result in significant environmental harm. 

 The proposed belt press filter dewatering system is rendered inoperable due to maintenance, 

partial or critical failure. 

As this is expected to be required only infrequently, the existing GRB mine complex tailings dams 

have enough capacity to accommodate tailings generated that cannot be dewatered or are too wet for 

disposal.  Currently, tailings from Goonyella Riverside Mine (GRM) are deposited via perimeter spigots 

as slurry pumped from the CHPP with solids content between 20 and 35 per cent (BMA 2010b). 

1.3.8 Rehabilitation Strategy for GRB 

The rehabilitation strategy, final landform design and planning for in-pit and out-of pit spoil dumps at 

GRB mine complex is covered by an existing rehabilitation plan (BMA 2007a) prepared to meet 

requirements of the GRB mine complex environmental authority EPML00853413 (formerly MIN 

100921609). 

Rejects and spoil dumps will continue to be managed and rehabilitated as per the existing 

rehabilitation management plan (BMA 2007a and 2011a) and closure plan (BMA 2007b) for the GRB 

mine complex, the commitments in the environmental authority for the GRM and BRM, and in 

conformance with the BMA Sustainable Landform Guideline (BMA 2009).  Rehabilitation of the 

existing tailings dams will be undertaken as per the existing commitments in the GRB mine complex 

Mine Closure Plan (BMA 2007b). 

The guideline recommends that coal wastes typically require a minimum of two metres of cover, 

ensuring that these areas are externally draining or in-pit, and where necessary, treating areas with 

small amount of alkaline material to lower the acidity and increase the pH of any localised acidic near-

surface reject areas.  This is to ensure the potential for acidity to impact upon the performance of the 

rehabilitated reject cover system is minimised. 

The reject dumps will consist of three covering layers: a barrier layer to minimise moisture inflow and 

oxygen egress; a protection layer suitable for plant root growth and to provide some protection to the 

underlying barrier layer from seasonal variations in moisture content; and a topsoil layer suitable as a 

plant growth medium.  The rejects dumps will be revegetated with pasture for a post-mining land use 

of grazing as the establishment of bushland on reject dumps is not recommended as tree roots (and 

tree falls) can affect the integrity of the cover layer (BMA 2011a). 



Cross Section of Typical Spoil Dump with Reject Placement

Cross section of typical spoil dump showing minimum 10m cover

over coarse rejects and dewatered tailings material

Source: Supplied by BMA
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1.4 Mineral Waste Quantities 
The following description on the amount of mineral waste estimated to be generated by the project 

(and GRB mine complex) draws largely from information supplied by BMA (2011b). 

As RHM will be an underground mine, the project will not generate any substantial quantities of 

overburden, with much of the overburden expected to remain largely intact.  Overburden will only be 

generated during the construction of drifts for access and services, and main drives for coal longwall 

access and coal transport.  

Over an approximate 25 year life of mine (LOM), the project will produce a total of 234 million tonnes 

of ROM coal (i.e. raw coal), 190 million tonnes of product coal and 43 million tonnes of rejects (BMA 

2011b).  The Broadmeadow extension (panels 14 and 15) will also produce approximately 5 million 

tonnes of ROM coal and 1 million tonnes of rejects over approximately one year from commencement 

of mining. These estimates are based on an assumed average density of 1.8 tonnes per cubic metre 

(t/m3) for coarse rejects and dry tailings, and the Broadmeadow extension area representing 

approximately four per cent of the total BRM surface area with an equivalent coal seam thickness 

being extracted.  

The amount of rejects produced by the project will represent approximately 36 per cent of the total 

rejects generated by the GRB mine complex during this period.  The rejects from the project are 

relatively minor compared to the overburden and reject waste produced by the existing GRB mine 

complex.  Approximately 32 million tonnes (1.3 mtpa) of coarse rejects and 12 million tonnes (0.5 

mtpa) of dewatered tailings will be generated based on a coarse reject to total reject ratio of 0.72.  It is 

estimated that for every one tonne of raw coal mined at the project, 0.13 tonnes of coarse rejects and 

0.05 tonnes of dewatered tailings will be produced. 

The total amount of rejects (coarse rejects and dewatered tailings) produced by the project is shown in 

Table 1-2.  

Table 1-2 Estimated Total Mineral Waste Quantities Generated for the LOM 

Location  Waste Type1 Quantity (mbcm) Quantity (mt) 

Project2 Total Rejects 24 44 

Coarse Rejects3 18 32 

Dewatered Tailings 7 12 
Note (1): Assumed average density of 1.8 t/m3 for coarse rejects and tailings 
Note (2): Based on Broadmeadow extension area representing ~4 per cent of the total BRM surface area, and assuming 

an equivalent coal seam thickness is extracted 
Note (3): Based on coarse reject to total reject ratio of 0.72 

 

Over an approximate 25 year life of mine, the amount of rejects generated by the project is expected 

to comprise about one per cent of all mineral waste (i.e. overburden and rejects) produced by the GRB 

mine complex.  The proportion of rejects to product coal is 20 per cent for the project.  This is 

substantially less than the yearly average value (from 2010 to 2012) of 40 per cent for other operating 

underground coal mines located in the northern district (five mines) and central district (eight mines) of 

the Bowen Basin (NRM 2013).  In terms of the GRB mine complex, the percentage of rejects to 

product coal is comparatively lower (15 per cent) on average when compared to all operating coal 

mines (underground and open cut) in Queensland. 
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1.5 Acid and Metalliferous Drainage 
Coal is deposited within environments that may have some potential to produce sulfides within the 

sediments.  The mining or disturbance of overburden materials and coal can expose these sulfides to 

air and water, resulting in their oxidation.  This can potentially lead to the generation of AMD. 

AMD is a term used in this report and by the Department of Resources, Energy and Tourism (DRET) 

(formerly Department of Industry, Tourism and Resources (DITR)) (DITR 2007a) to recognise that not 

all drainage related to the oxidation of sulfides is acidic.  Sometimes, near-neutral but metalliferous 

drainage can also occur.  

Acid generation from mine waste materials is caused by the exposure of sulfide minerals, most 

commonly pyrite (FeS2), to atmospheric oxygen and water.  The oxidation of pyrite is in itself a 

complex process; however, it can be represented by the following overall reaction (Equation 1): 

   4H2SOOHFeOHOFeS -2
43222 2

7

2

15
  [1] 

As acid (H+) water migrates through a site (e.g. tailings or waste rock piles), it further reacts with other 

minerals in the surrounding tailings or rock material, and may dissolve a range of metals and salts.  

Acid drainage is characterised by low pH and elevated dissolved metals.  

When the acid generated is completely neutralised by the dissolution of common carbonate minerals 

(such as calcite, dolomite, ankerite and magnesite), it can lead to precipitation and thus removal of 

metals such as Al, Cu and Pb from the drainage.  

However, at near-neutral pH, concentrations of Zn, As, Ni and Cd can be elevated and thus result in 

metalliferous drainage.  Even when no dissolved metal residues remain, the potential exists for 

drainage to contain high (sulfate) salinity.  Generally, metalliferous drainage will also contain high 

sulfate salinity. 

1.6 Geochemical Terminology Overview 
This section provides a general description and overview of the AMD test methods and calculations 

described in this report.  

A number of procedures have been developed to assess the acid forming characteristics of mine 

waste materials.  However, ultimately the overall acid generating potential of a sample is mainly 

evaluated by its Acid Base Account (ABA) and the net acid generation (NAG) test. 

1.6.1 Acid Base Account 

The ABA involves determining a samples’ maximum capacity to generate acid (MPA) due to the 

oxidation of sulfide minerals (such as pyrite) relative to its acid neutralising capacity (ANC) due to the 

dissolution of carbonates (such as calcite) and to a lesser extent silicate minerals.  That is, it is a 

theoretical balance between the potential for a sample to generate acid and neutralise acid. 

The total sulfur content is commonly used as an estimate of pyritic sulfur to calculate MPA.  Based on 

the stoichiometry of Equation (1), the amount of acid that could be produced by a sample containing 1 

per cent S as pyrite is given by Equation (2).  The ANC is typically determined by addition of 

hydrochloric acid to a sample, then back-titrating with sodium hydroxide to determine the amount of 

acid consumed. 
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30.6S(%)/t)SOH (kgMPA 42      [2] 

 

The net acid producing potential (NAPP) and the ANC/MPA ratio are two measures of the ABA.  The 

ratio between the ANC and MPA (ANC/MPA ratio) provides an indication of the relative margin of 

safety (or risk) within a material to generate acid.  The ANC/MPA ratio referenced in the literature for 

indicating safe values for prevention of acid generation typically range between 1.5 and 3. 

The NAPP is the difference between the MPA and ANC.  It indicates if a material has potential to 

produce acidic drainage and is determined using Equation (3).  

 

   /t)SOH (kg ANC30.6S(%)/t)SOH (kg NAPP 4242   [3] 

 

A sample with NAPP > 0 has a positive net acid producing potential, while a sample with NAPP ≤ 0 is 

non-acid forming or potentially acid consuming. 

A better estimation of the NAPP value can be obtained if chromium reducible sulfur (CRS) is analysed 

to approximate the sulfur concentration (in Equation 2) of a sample due to sulfide mineral oxidation.  In 

this case, the resulting net acid producing potential is referred to as NAPPCRS. 

1.6.2 Acid Buffering Characteristics Curve 

The ANC of a sample can be further evaluated by slow acid titration to a defined end-point (typically 

pH 4).  This test is commonly called the acid buffering characteristic curve (ABCC).  It provides an 

indication of the portion of ANC within a sample that is readily available for acid neutralisation. 

1.6.3 Net Acid Generation Test 

The single NAG test involves reaction of a sample with hydrogen peroxide to rapidly oxidise any 

sulfide minerals contained within a sample.  During the NAG test both acid generation and acid 

neutralisation reactions can occur simultaneously.  The end result represents a direct measurement of 

the net amount of acid generated by the sample.  

The final pH is referred to as the NAGpH and the amount of acid produced is commonly referred to as 

the NAG capacity, and is expressed in the same units as the NAPP (kg H2SO4/t).  A pH after reaction 

(NAGpH) of less than 4.5 indicates that the sample is net acid-generating. 

1.6.4 AMD Sample Classification 

For the purpose of this report, the NAG test is used in conjunction with the NAPP to enhance the 

reliability of classifying the acid-generating potential of the mineral waste sample.  A geochemical 

classification plot (Figure 1-3), showing NAGpH versus the NAPP value, is used to depict whether the 

mineral waste sample lies within the potentially acid forming (PAF), non-acid forming (NAF) or 

Uncertain (UC) domains.  

A sample classified as PAF has acid generating potential that exceeds the inherent acid neutralising 

capacity of the material.  A sample classified as NAF has available ANC that can neutralise all the acid 
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that theoretically could be generated by the sample.  A sample classified as uncertain has 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).  Uncertain samples require more detailed investigation 

to determine their acid generating potential. 

 

Figure 1-3 Geochemical Classification Plot 
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1.7 Previous Geochemical Characterisation Studies 
URS reviewed the information compiled from geochemical characterisation programs conducted 

between 1992 and 2007.  The review draws largely from the following reports: 

 AGC Woodward-Clyde (AGC) (1992). Spoil and Reject Characterisation – Goonyella/Riverside, 

Letter Report DF: kc:4368: L1, February 1992; 

 Land Reclamation Services (LRS) (1993). Overburden and Interburden Characteristics of the 

Northern End of the Goonyella/Riverside Mine Area and Suitability of Specific Layers for Capping 

Report, June 1993; 

 Environmental Geochemistry International (EGi) (1995). Environmental Geochemical 

Characterisation of Out-Of-Pit Spoil at the BHP Goonyella/Riverside Mine, Final Report, May 1995; 

 EGi (1996). Environmental Geochemistry of Overburden from the Red Hill Pit and Implications for 

Spoil Management, Document Number 9202/1/302, December 1996; 

 URS (2004):  Rehabilitation and Monitoring of Riverside Reject Dump, Draft Report R001-C, 28 

June 2004; and 

 URS (2007a). Geochemical Characterisation and Assessment of Overburden and Potential Reject 

Material – Goonyella Riverside Expansion Project, Draft Report, 42626060 Rev D, 31 July 2007. 
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The locations of samples referred to in the above reports are shown in Figure 1–4.  The results from 

the previous geochemical investigation programs listed above are discussed in the following sections. 

1.7.1 AGC Woodward-Clyde (1992) 

AGC (1992) conducted a geochemical characterisation program for coal rejects, spoil and tailings from 

the GRM to provide an indication of the potential for amelioration of acid producing reject dumps with 

alkaline sodic spoil.  

The analytical program included pHe (saturation paste), ECe (saturation paste), exchangeable sodium 

percentage (ESP), and ANC (for nine spoil samples) and NAPP, pHe, ECe, ESP, sulfate-sulfur, sulfide-

sulfur and total sulfur (for 18 reject samples).  In addition, 12 coal tailings samples were analysed for 

pH, EC, chloride, sulfur and major cations (Mg, Ca, Na, P, and K), with four of the tailings samples 

also analysed for sulfide-sulfur, ANC, MPA and NAPP.  

Spoils were reported to be sodic (ESP from 36.6 to 62.4 per cent) and possess low alkalinity (pHe from 

5.43 to 6.56).  The ECe varied between 2,370 and 6,490 microSiemens per centimetre (µS/cm).  All 

reject samples had excess MPA over ANC, resulting in positive NAPP (0.17 to 18.05 kg H2SO4/t).  The 

pH and EC of the four tailings samples tested ranged from 2.03 to 4.93 and 126 to 3490 µS/cm, with 

sulfide-sulfur concentration of 0.21 to 0.40 per cent.  The corresponding NAPP values for tailings 

ranged from 5.4 to 16.8 kg H2SO4/t. 

A ratio of six parts spoil to one part reject (i.e. 6:1) was considered optimal or likely to be successful to 

ameliorate the acid potential of rejects by blending with spoil.  However, this finding was based on the 

assumption that there is complete oxidation of rejects, utilisation of available ANC, and efficient 

blending of rejects and spoils occurs in the field. 

1.7.2 Land Reclamation Services (1993) 

LRS (1993) investigated the soil chemistry of weathered and unweathered overburden samples from 

the northern end of the GRM to assess their suitability as topsoil media to cover the spoil areas.  

Specific sandstone strata (potential feldspathic and quartzose sandstone) were also tested to evaluate 

suitability for use as a capping material of spoil areas.  

Overburden chip samples were collected from 15 drill holes at three metre intervals.  A total of 263 

samples were initially screened for pH (1:5) and EC (1:5).  The results formed the basis of selecting 17 

composited samples for detailed laboratory analysis that included pH (1:5), EC (1:5), chloride, nitrate, 

ESP, cation-exchange capacity (CEC), total sulfur and total carbon (TC) concentrations.  Of the 17 

composited samples (from drill hole 37051), 11 represented the full depth of overburden above the 

coal seams and interburden between the coal seams.  In addition, 12 of the 17 composited samples 

were tested for NAG. 

The EC (1:5) values were reported to be higher in the weathered overburden compared to the 

unweathered materials.  The EC (1:5) values ranged from 54 to 2,580 µS/cm, with over 55 per cent 

distributed between 450 and 900 µS/cm.  The pH (1:5) values varied from 4.3 to 9.8, with most values 

(~81.8 per cent) greater than or equal to 7.0. 
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The total sulfur ranged from five to 28 per cent, with TC concentrations varying from 16 to 64 per cent.  

The CEC and ESP ranged from 8 to 17 meq/100 g, and <2 to 35 per cent, respectively.  A high ESP 

values (24 to 34 per cent) were found throughout the profile of samples from drill hole 3705, indicating 

high sodicity.  

The NAGpH values of the 12 composited samples ranged from 7.3 to 7.9, which indicates that the 

samples tested were not acid generating.  It was concluded that there was essentially no NAG 

capacity. 

1.7.3 Environmental Geochemistry International (1995) 

EGi (1995) evaluated the geochemical characteristics of 20 out-of-pit spoil and the potential impact of 

spoil exposure on mine water quality and revegetation at the GRM.  The out-of-pit samples were 

selected as a reasonable representation of the range of spoil materials likely to be found in the dump 

area. 

Approximately seven kilograms samples were crushed to a nominal four millimetres and a 200 gram 

sub-sample was pulverised for geochemical testing.  The geochemical test work included pH (1:2), EC 

(1:2), total sulfur, ANC and NAPP.  Of the 20 samples, 10 were selected for analysis for total 

elemental concentrations, sodium adsorption ratio (SAR), water-extractable dissolved metal 

concentrations (in 1:2 water extracts), and NAG testing. 

The pH was mostly (95 per cent) neutral to alkaline (pH 6.4 to 9.2) with relatively high salinity (630 to 

15,470 µS/cm).  The out-of pit spoil samples were highly sodic, with SAR values ranging from 7.3 to 

27.7.  

The out-of pit samples, represented by the samples tested, have very low total sulfur content and were 

classified as NAF.  The total sulfur concentrations were less than 0.08 per cent, with corresponding 

NAPP values between -55.3 and 1.0 kg H2SO4/t.  

The NAGpH values ranged from 7.5 to 9.9, with the exception for one sample, which recorded a 

NAGpH value of 4.3 and a corresponding NAG capacity of 12.7 kg H2SO4/t (NAPP 1.0 kg H2SO4/t).  It 

was suggested that this excess acidity was due to organic acidity produced by the oxidation of organic 

material with hydrogen peroxide in the NAG test, and not acidity generated by sulfide oxidation. 

Only Ag, B, Bi and Se were found to be enriched (four of the 20 samples) relative to the average 

crustal abundance (Bowen 1979).  However, only B was considered to be relatively mobile given the 

neutral to alkaline pH of the out-of pit samples.  

1.7.4 Environmental Geochemistry International (1996) 

EGi (1996) conducted a geochemical characterisation program on 60 overburden samples from the 

Red Hill Pit area at the GRM.  The aim of the study was to confirm the NAF nature of the spoil and 

further evaluate the solubility of B and high salinity/sodicity issue as indicated by their previous study 

in 1995.  

The overburden sample included sandstone, siltstone, carbonaceous siltstone, coal, clays and minor 

tuffs.  Samples were collected over five metre depth intervals.  The analytical program included pH 

(1:2), EC (1:2) and total sulfur (60 samples), ANC (30 samples), standard single addition NAG 

(2 samples) and water-extractable dissolved metal concentrations (25 samples).  
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Approximately 96 per cent of the samples tested had pH values greater than 7.0.  The overburden 

samples tested were slightly too highly saline with EC (1:2) values of 604 to 4,150 µS/cm.  The SAR 

values ranged between two and 16.  Five of the samples had SAR values ≥12, which was considered 

sodic. 

The results indicate a relatively small proportion (seven per cent) of the overburden in the Red Hill Pit 

area was likely to be PAF with a low capacity to generate acid.  The total sulfur concentrations ranged 

from <0.01 to 0.64 per cent, with NAPP value and NAG capacity ranging from -169 to 17 kg H2SO4/t 

and 1 to 5 kg H2SO4/t, respectively. 

Analysis of water extracts (1:2) suggest that sulfate, B, Co, Ni, Se and Zn can be mobilised from the 

overburden samples.  However, if the pH of the spoil is maintained between pH 6 and 8, the metals 

will remain relatively insoluble. 

1.7.5 URS Australia (2004) 

The geochemical characteristics of reject materials from the Riverside Mine were assessed as part of 

an overall study to develop a concept design strategy for the rehabilitation of the Riverside Reject 

Dump (URS, 2004).  

A total of 74 reject samples were obtained from the Riverside Reject Dump.  Samples were obtained 

from 19 test pits (two metres depth) and three boreholes (up to 28.5 metres depth).  

All samples were tested for pH (1:5), EC (1:5), total sulfur and NAPP.  A further 9 samples composited 

from 37 of the 74 reject samples were tested for total elemental concentrations and water-extractable 

dissolved metal concentrations. 

The pH (1:5) of the Riverside reject samples tested ranged from acidic to slightly alkaline (pH 3.2 to 

8.3).  The median pH value was 5.9.  About 35 per cent of the reject samples had pH less than 5.0, 

indicating some sulfide oxidation was occurring, with a further 20 per cent of the pH values distributed 

between 5.0 and 7.0, and 45 per cent having a pH greater than 7.0.  The salinity of the reject samples 

were considered relatively low averaging approximately 500 µS/cm (median 229 µS/cm), but ranged 

from 69 to 3,260 µS/cm.  

The total sulfur concentration ranged from 0.25 to 1.24 per cent with a median value of 0.43 per cent.  

The NAPP values ranged from -38.9 to 21.6 kg H2SO4/t (median -5.2 kg H2SO4/t).  On this basis, the 

majority (65 per cent) of the reject samples tested were classified as NAF or have low capacity to 

generate acid (four per cent). 

The total metal concentrations in the nine composited samples suggest that, apart from Mn in one 

sample, no elemental concentration exceeded the health-based criteria for soils (NEPC 1999), where 

guideline values exist. 

The dissolved metal concentrations (except for Mn) in 1:5 water extracts were below the Australian 

livestock drinking water guidelines (ANZECC and ARMCANZ 2000).  Manganese concentrations were 

elevated in two samples. 

1.7.6 URS Australia (2007) 

URS (2007a) completed a geochemical assessment of overburden and potential reject materials from 

the GRM.  The study was a component of an Environmental Assessment program for the previous 

21 mtpa Goonyella Riverside Expansion plan. 
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A total of 76 overburden and potential coal reject samples were obtained from four drill holes.  The 76 

samples included: 

 13 overburden samples from above the GUS; 

 34 overburden samples from between the GUS, GMS, and GLS; and 

 29 potential reject samples from immediately above and below GUS, GMS, and GLS (referred to 

as coal roof and coal floor material), including three samples from the GP seam (between the GUS 

and GMS). 

In addition, 10 coal samples from three of the four drill holes were also tested including: 

 Two coal samples from the GUS;  

 Four coal samples from the GMS; and 

 Four coal samples from the GLS. 

The analytical program included pH (1:5), EC (1:5), total sulfur, ANC and NAPP.  Twenty-five 

composite samples were analysed for total metal concentrations, CEC, ESP and water-extractable 

dissolved metal concentrations. 

The pH (1:5) of the overburden samples was moderately alkaline ranging from 8.1 to 10.1 (mean pH 

9.0).  The EC (1:5) ranged from 135 to 1460 µS/cm, with a mean EC (1:5) value of 482 µS/cm.  The 

total sulfur content of the overburden samples was low, ranging from <0.01 to 0.87 per cent (average 

0.09 per cent).  The majority (81 per cent) of total sulfur concentration was less than 0.1 per cent.  The 

corresponding NAPP values ranged from -365 to 7 kg H2SO4/t (average -68 kg H2SO4/t).  On the basis 

of these results, 44 (93.6 per cent) of the overburden samples were classified as NAF, two samples 

were classified as PAF (4.3 per cent) and one sample is classified as uncertain (2.1 per cent). 

The ABA results for coal roof and floor samples indicate that 27 of the 29 samples (93.1 per cent) 

tested were NAF (NAPP -116 to -0.2 kg H2SO4/t), with the remaining two samples classified as 

uncertain.  The pH (1:5) and EC (1:5) ranged between 8.2 and 9.6, and 151 to 558 µS/cm, 

respectively.  The total sulfur concentration varied from <0.01 to 0.26 per cent, with 90 per cent of the 

coal roof and coal floor samples having a total sulfur concentration equal to or less than 0.1 per cent.  

The coal samples were moderately alkaline ranging from 7.2 to 9.7.  The EC (1:5) were low varying 

from 20 to 331 µS/cm.  The total sulfur concentration was generally higher in the coal samples 

(ranging from 0.26 to 0.48 per cent) compared to concentrations reported for the overburden, coal roof 

and coal floor samples.  The NAPP values ranged from -22 to 13 kg H2SO4/t (mean 5 kg H2SO4/t). 

Ninety per cent of the coal samples were classified as potentially PAF. 

The total metal concentrations in overburden and potential reject materials were generally within 

health-based investigation levels for soils (NEPC 1999).  Water-extractable dissolved metal 

concentrations (in 1:5 solid to water solutions), except Se and Mo, were below the Australian livestock 

drinking water guidelines (ANZECC and ARMCANZ 2000).  Dissolved Se and Mo concentrations were 

marginally higher than livestock drinking water guidelines in some GUS and GLS roof and floor 

composited samples. 
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2 

2 
Study Methodology 

This section describes the rationale and methodology used to evaluate the AMD potential of 

overburden, rejects (coarse rejects and tailings), and coal roof and floor materials likely to be 

produced by the proposed project. 

2.1 Sampling Strategy 
General guidelines are available from the Department of Environment and Heritage Protection 

(formerly Department of Environment and Resource Management (DERM)) in regards to the 

assessment and management of AMD (DERM 1995a).  However, recognising that each mine has site-

specific features and project specific considerations, there are currently no specific regulatory 

requirements regarding the number of samples required to be obtained and tested for overburden and 

reject materials at mines in Queensland. 

The number of samples required for analysis depends on a number of factors, including: 

 the geological variability and complexity in rock types; 

 the potential for significant environmental or health impacts; 

 the size of the operation; 

 the statistical sample representation requirements; 

 the volume of materials; 

 the availability and representativeness of existing geochemical data; and 

 the level of confidence in predictive ability. 

The sampling strategy; therefore, focussed on ensuring the coal deposit was spatially covered by 

acquiring samples from available drill cores that represented the various mineral waste types likely to 

be associated with the project. 

The geochemical sampling program is designed based on the following factors: 

 The geochemical nature of materials in the area of the proposed expansion is expected to be 

similar and directly comparable to the geochemical nature of the materials on the western side of 

the mine (i.e. the current Goonyella Riverside coal operations) because the geology and conditions 

of sediment deposition are relatively uniform throughout the site. 

 The geochemical information available from previous geochemical characterisation studies 

(Section 1.7), which suggest the geologic materials are generally benign. 

 The project will expand the GRB mine complex by developing the underground RHM within 

MLA70421, and extending the footprint of the BRM eastward into MLA70421. 

 The major coal seam that is expected to be mined by the proposed RHM and Broadmeadow 

extension is the GMS. 

 No significant amount of overburden is mined in the Broadmeadow extension or proposed RHM 

operations.  
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2.2 Potential Mineral Wastes Types 
The mineral waste types that will be potentially generated by the project are: 

 coal seam roof and floor materials;  

 coarse rejects; 

 dewatered tailings; 

 overburden material from above the GUS; and 

 interburden samples from between the GUS, GMS and GLS. 

The project will not generate substantial quantities of overburden, with much of the overburden 

expected to remain largely intact.  Overburden will only be generated during the construction of drifts 

for access and services, and main drives for coal longwall access and coal transport.  

However, subsidence induced by longwall mining and the subsequent fracturing associated with it can 

provide preferential pathways for surface water infiltration and ground water movement (albeit 

temporary).  Unsaturated rock and coal material containing pyritic minerals in the subsidence zone are 

thus susceptible to oxidation and are a potential source of AMD.  As such, overburden material from 

above the GUS, and interburden samples from between the GUS, GMA and GLS are also included in 

the geochemical sampling program. 

All samples for geochemical characterisation testing were selected by URS upon review of drill logs 

supplied by BMA and the requested samples were collected by BMA geologists. 

2.2.1 Overburden and Interburden 

Based on the drill core logs (BMA 2010c) and the material available for sampling, URS selected 46 

overburden and interburden (i.e. waste rock) samples from a total of five core drill holes.  The location 

of each sampled drill hole is shown in Figure 2–1. 

Sample intercepts (0.3 to 0.86 metres) from each particular interval were obtained for each key 

lithology for analysis.  A total of 17 siltstone, 11 sandstone, six claystone, five carbonaceous claystone 

and two sandstone/siltstone samples were collected from the five drill holes (Table 2–1).  The 

remaining five samples comprise of shale, mudstone, conglomerate, carbonaceous siltstone, and a 

mix of siltstone/claystone/sandstone. A list of all waste rock samples tested is shown in Appendix A. 
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Table 2-1 Waste Rock Samples Selected for Geochemical Testing 

Drill Hole ID Total Sample Interval (m) Lithology 
Number of 
Samples 

43723 208.9 to 230.82; 260.11 to 266.45; 372.00 to 417.14 

Siltstone 6 

Sandstone - fine to 
medium grained 

2 

Claystone 2 

43733 72.36 to 83.97; 113.06 to 138.67; 214.09 to 299.76 

Siltstone 6 

Sandstone - fine to 
medium grained 

3 

Claystone 4 

Carbonaceous claystone 4 

43765 226.93 to 339.36; 384.88 to 411.07 

Siltstone 3 

Carbonaceous Siltstone 1 

Sandstone - fine to 
medium grained 

1 

Sandstone - medium 
grained 

1 

Claystone 2 

Carbonaceous claystone 1 

43750 262.95 to 285.27; 354.91 to 438.16 

Siltstone 7 

Sandstone - fine to 
medium grained 

3 

Sandstone - medium 
grained 

1 

Claystone 2 

Carbonaceous claystone 1 

Conglomerate 1 

43893 170.04 to 369.44 

Siltstone 5 

Sandstone - very fine 
grained 

1 

Sandstone - fine grained 1 

Sandstone - medium 
grained 

1 

Mudstone 1 

Carbonaceous mudstone 1 

Shale 4 
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2.2.2 Coal Roof and Coal Floor Material 

Coal seam roof and floor material located immediately above and below the major coal seams are 

partings or layers of rock strata within the seam.  These materials will be more or less included in the 

mined or raw coal, and are called dilution because they dilute the in-place coal quality.  Therefore, 

they represent potential reject materials.  

Coal seam roof and floor samples were obtained from each of the five core drill holes shown in Figure 

2–1.  URS selected a total of nine coal roof and 10 coal floor samples for geochemical testing Table 

2-2.  The selected samples comprise of siltstone, claystone, shale, carbonaceous claystone, and 

mixed sandstone / siltstone, siltstone / claystone, shale / siltstone / sandstone, and carbonaceous 

mudstone / siltstone immediately above or below a coal seam. 

Table 2-2 Coal Roof and Floor Samples Selected for Geochemical Testing 

Drill Hole ID 
Depth (m) 

Sample Type Predominant Lithology 
From To 

43723 217.92 218.30 Coal roof Siltstone 

43723 264.65 265.15 Coal floor Claystone 

43723 400.20 400.70 Coal floor Siltstone 

43733 128.79 129.29 Coal roof Carbonaceous claystone 

43733 133.50 134.00 Coal floor Siltstone 

43733 222.83 223.38 Coal roof Siltstone 

43733 279.66 280.00 Coal floor Siltstone 

43750 282.20 282.50 Coal floor Claystone 

43750 368.69 369.08 Coal roof Siltstone 

43750 378.50 379.00 Coal floor Sandstone 

43750 417.00 417.34 Coal roof Sandstone/siltstone 

43765 392.30 392.63 Coal roof siltstone/claystone 

43893 186.96 187.37 Coal roof Shale 

43893 192.12 192.62 Coal floor Siltstone 

43893 299.46 299.94 Coal roof Shale/siltstone 

43893 307.57 308.07 Coal floor Shale/sandstone 

43893 336.00 336.38 Coal floor Carbonaceous mudstone/siltstone 

43893 357.09 357.59 Coal roof Siltstone 

43893 363.61 364.11 Coal floor Siltstone 
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2.2.3 Coarse Rejects 

In addition to the potential reject samples, BMA collected a total of eight coarse surface (0 to 

30 centimetres depth) reject samples from the reject emplacement facilities at the current GRB mine 

complex.  The samples comprised of four samples from the Goonyella Mine, covering a range of 

deposition ages from 2003 to 2011 (Table 2-3).  The remaining four samples from the Riverside Mine 

covered deposition ages from 2006 to 2011.  The locations of the coarse reject samples are shown in 

Figure 2-2. 

Table 2-3 Coarse Reject Samples Selected for Geochemical Testing 

Mine Location Sample Type Deposition Time  

Riverside Coarse reject 

ca. 2003 

May 2009 

December 2009 

May 2011 

Goonyella  
Coarse reject  
(R21 Reject Dump) 

Mid 2006 

ca. 2008 

Mid 2010 

May 2011 

 

2.2.4 Tailings 

In addition to the potential reject samples, BMA collected a total of 10 surface tailings samples (top 

30 centimetres of the deposited surface) from the Riverside and Goonyella tailings dams, covering a 

range of deposition ages from weeks to years (Table 2-4).  The locations of the tailings samples are 

shown in Figure 2-2. 

Table 2-4 Coarse Reject Samples Selected for Geochemical Testing 

Tailings Dam Sample Type Deposition Time 

Riverside RS1 Tailings 

January 2011 

March 2011 

December 2010 

November 2010 

ca. 2008 

Goonyella GS1 Tailings 

April 2011 

November 2010 

May 2010 

November 2009 

May 2006 
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2.2.5 Geochemical Testing 

All samples were submitted to a National Association of Testing Authority (NATA) accredited 

laboratory, Australian Laboratory Services (ALS), in Brisbane in a single batch.  Samples were 

crushed to at least 90 per cent passing 2 millimetres size, then riffle split to produce a 300 to 500 

grams sub-sample for pulverising to <75 micrometres for geochemical testing at ALS Brisbane.  

All samples were initially screened using a series of standard static geochemical tests shown in Table 

2-5.  Selected samples were also tested using more specialised geochemical tests (as required), such 

as ABCC, as shown in Table 2-6. 

Table 2-5 Initial Acid Base Accounting Geochemical Tests 

Parameter  Method Reference 

pH (1:5 solid to deionised water) APHA 4500-H+ B 

Electrical Conductivity (EC; 1:5 solid to water) APHA 2510 B 

Total sulfur Leco 

Chromium reducible sulfur (SCRS) Ahern et al (2004) 

ANC I. AMIRA (2002) 

Single Addition NAG; includes pH 4.5 & 7) I. AMIRA (2002) 

 

Table 2-6 Specialised Geochemical Tests 

Parameter  Method Reference 

ABCC I. AMIRA (2002) 

Total organic carbon (TOC) In house 

Total inorganic carbon (TIC) In house 

Total carbon (TC) In house 

Extended Boil NAG In house 

 

Upon receipt of initial screening results for waste rock, and coal roof and floor samples, selected 

samples were combined, according to rock type, depth and geochemical nature, into 34 composite 

waste rock, five composite coal roof, and seven composite coal floor samples (see Appendix B).  The 

composite samples were analysed for the parameters shown in Table 2–7 including pH (1:5), EC 

(1:5), total metal concentrations, water-extractable dissolved metal concentrations, major cations and 

anions concentrations, and CEC. 
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Table 2-7 Geochemical Testing for Composited Samples 

Parameter  Method Reference 

Total carbon (TC) In house 

pH (1:5) APHA 4500-H+ B 

EC (1:5) APHA 2510 B 

Major cations (Ca, Mg, Na, K) APHA 3120 

Major anions (Cl-, SO4
2-, Alkalinity) APHA 4500-Cl- B; APHA 3120; APHA 2320 B 

Four acid ‘near total’ digest with ICPAES/ICPMS finish 
(Ag, Al, As, B, Cd, Co, Cr, Cu, Fe, Pb, Hg, Ni, Mn, Mo, 
Sb, Se, U, V and Zn) 

In house 

Multi-element  scan of 1:5 water extracts (Ag, Al, As, B, 
Cd, Co, Cr, Cu, Fe, Pb, Hg, Ni, Mn, Mo, Sb, Se, U, V 
and Zn)  

USEPA 6020 (ICPMS) 

Cation-exchange capacity (CEC) and Exchangeable 
Sodium Percentage (ESP) 

Rayment & Higginson Method 15A1 (1992) 1M 
ammonium chloride extraction; APHA 21st ed., Method 
3120; USEPA SW 846 - 6010 (ICPAES) 

 

2.3 Standards of Investigation 
The geochemical results of this study were compared with the following sources or guidelines: 

 NEPC (1999). National Environment Protection (Assessment of Site Contamination) Measure 

(1999): Schedule B(1) Guideline on Investigation Levels for Soil and Groundwater, Australian 

Government, Canberra; 

 DERM (1995a). Assessment and management of acid drainage, Technical Guidelines for the 

Environmental Management of Exploration and Mining in Queensland, Qld, Australia; 

 DERM (1995b), Assessment and Management of Exploration and Saline and Sodic Wastes, 

Technical Guidelines for the Environmental Management of Exploration and Mining in Queensland, 

Qld, Australia; 

 DERM (2010). Establishing Environmental Values, Water Quality Guidelines and Water Quality 

Objectives for Fitzroy Basin Waters – Draft for Consultation, December 2010; 

 DITR (2007a). Managing acid and metalliferous drainage, Leading Practice Sustainable 

Development Program for the Mining Industry, Canberra, Australia; 

 Australian Mineral Industries Research Association International Limited (AMIRA) (2002). 

Prediction and Kinetic Control of Acid Mine Drainage. ARD Test Handbook, May 2002; and 

 ANZECC and ARMCANZ (2000).  Australian and New Zealand Guidelines for Fresh and Marine 

Water Quality, Canberra, ACT. 

The assessment method used in this study are consistent with those described in the GARD Guide 

(INAP 2009). 
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3 

3 
Geochemical Test Results 

The geochemical results for each mineral waste type tested are summarised in this Section.  All ALS 

laboratory reports are provided in Appendix B to D. 

3.1 Overburden 
The ABA results for overburden (including interburden) samples are summarised in Table 3-1.  The 

full data set is provided in Appendix B. 

3.1.1 Acid Base Accounting 

The overburden pH (1:5) was evaluated by equilibrating crushed solid sample in deionised water for 

approximately one hour at a solid to water ratio of 1:5 (solid/water).  The resultant water pH (1:5) value 

ranged from 9.1 to 10.1, which is very strongly alkaline.  The EC (1:5) varied from 259 to 708 µS/cm, 

with a mean value of 456 µS/cm. 

The total sulfur and CRS concentrations of the overburden were less than 0.09 and 0.054 per cent, 

respectively.  There was marginal difference between the NAPP (-214 to -7.4 kg H2SO4/t) and 

NAPPCRS values (-215 to -7.3kg H2SO4/t). 

Figure 3-1 is an ABA plot showing sulfide-sulfur (per cent SCRS) versus ANC, with NAPPCRS positive 

and NAPPCRS negative domains indicated.  Samples that plot above the ANC/MPA = 2 line have at 

least a two-fold excess in acid neutralising capacity over acid generating potential, and those that plot 

above the ANC/MPA = 3 line have a three-fold excess.  The overburden samples tested fall within the 

NAPPCRS negative domain, and has an acid neutralising capacity that is greater than three times its 

acid generating potential. 

Figure 3-1 ABA Plot of ANC versus SCRS for Overburden Samples 
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Table 3-1 Summary of ABA Results for Overburden Samples 

Lithology 
No. of 
Samples 

Statistics 
pH 
(1:5) 

EC (1:5) 
Total 

S 
SCRS MPA MPACRS ANC NAPP NAPPCRS  ANC/MPA 

Ratio 
ANC/MPACRS 
Ratio  

(µS/cm) (%) (%) (kg H2SO4/t) 

Siltstone 

  

  

17 Min 9.2 302 0.03 0.009 0.92 0.28 14.4 -214.2 -215 6.72 12.4 

  Max 9.9 661 0.08 0.044 2.45 1.35 216 -12.3 -13.2 118 191 

  Mean 9.6 474 0.05 0.026 1.55 0.79 50.6 -49.1 -49.9 34.7 72.7 

Sandstone 

  

  

11 Min 9.5 259 0.01 0.005 0.31 0.15 30.9 -182 -182 22.1 38.8 

  Max 10.1 708 0.09 0.054 2.76 1.65 182 -29.7 -30.1 594 1213 

  Mean 9.8 512 0.04 0.023 1.23 0.70 94.3 -93.0 -93.6 136.9 314 

Claystone 

  

  

6 Min 9.1 331 0.03 0.005 0.92 0.15 8.90 -49.7 -50.4 8.38 20.8 

  Max 9.8 533 0.06 0.019 1.84 0.58 50.6 -7.98 -8.47 55.1 337 

  Mean 9.5 405 0.04 0.013 1.28 0.41 22.9 -21.6 -22.5 20.1 86.4 

Carbonaceous claystone 

  

  

5 Min 9.4 286 0.02 0.006 0.61 0.18 8.00 -163 -164 6.30 10.3 

  Max 9.8 458 0.07 0.031 2.14 0.95 164 -7.39 -7.30 179 669 

  Mean 9.6 371 0.04 0.016 1.35 0.48 42.8 -41.5 -42.4 43.2 168 

Sandstone/siltstone 

  

  

2 Min 9.6 432 0.02 0.014 0.61 0.43 35.8 -174 -175 23.4 34.4 

  Max 9.8 529 0.05 0.034 1.53 1.04 175 -34.3 -34.8 286 408 

  Mean 9.7 481 0.04 0.024 1.07 0.74 105 -104 -105 155 221 

Siltstone/claystone/sandstone 1 - 9.4 402 0.03 0.015 0.92 0.46 26.5 -25.6 -26.0 28.8 57.7 

Conglomerate 1 - 9.7 597 0.06 0.035 1.84 1.07 80.2 -78.4 -79.1 43.6 74.8 

Carbonaceous Siltstone 1 - 9.8 321 0.04 0.015 1.23 0.46 24.7 -23.5 -24.2 20.2 53.8 

Shale 1 - 9.6 374 0.02 0.014 0.61 0.43 13.6 -13.0 -13.2 22.2 31.7 

Mudstone 1 - 9.7 328 0.07 0.030 2.14 0.92 11.4 -9.26 -10.5 5.3 12.4 

Where values were less than the limit of reporting (LOR), the LOR value was used for calculation purposes.  MPA = maximum potential acidity. CRS = chromium reducible sulfur.  

MPACRS = maximum potential acidity determined using the SCRS value.  ANC = acid neutralising capacity; NAPP = net acid producing potential.  

NAPPCRS = net acid producing potential determined using the SCRS value. 
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3.1.2 Net Acid Generation Test Results 

Standard single addition NAGpH, and NAG capacity to pH 4.5 (NAGpH4.5) and pH 7.0 (NAGpH7.0) 

results are summarised in Table 3-2.  

The NAGpH of the overburden samples for all lithologies tested was greater than pH 7.5, with 

effectively no NAG capacity.  The only exception was a single carbonaceous claystone sample, which 

recorded a NAGpH of 4.6 with a corresponding NAGpH 7.0 capacity of 10.2 kg H2SO4/t. 

Table 3-2 Summary of NAG Results for Overburden Samples 

Lithology 
No. of 
Samples 

Statistics NAGpH 
NAGpH 4.5  NAGpH 7.0  

(kg H2SO4/t) 

Siltstone 17 Min 8.8 <0.1 <0.1 

    Max 9.6 <0.1 <0.1 

    Mean 9.2 <0.1 <0.1 

Sandstone 11 Min 8.9 <0.1 <0.1 

    Max 10.5 <0.1 <0.1 

    Mean 9.4 <0.1 <0.1 

Claystone 6 Min 7.5 <0.1 <0.1 

    Max 9.3 <0.1 <0.1 

    Mean 8.6 <0.1 <0.1 

Carbonaceous claystone 5 Min 4.6 <0.1 <0.1 

    Max 9.4 <0.1 10.2 

    Mean 8.1 <0.1 2.1 

Sandstone/siltstone 2 Min 9.0 <0.1 <0.1 

    Max 9.1 <0.1 <0.1 

    Mean 9.1 <0.1 <0.1 

Siltstone/claystone/sandstone 1 - 9.8 <0.1 <0.1 

Conglomerate 1 - 9.0 <0.1 <0.1 

Carbonaceous siltstone 1 - 8.9 <0.1 <0.1 

Shale 1 - 8.8 <0.1 <0.1 

Mudstone 1 - 8.6 <0.1 <0.1 

Where values were less than the LOR, the LOR value was used for calculation purposes. 

NAG = net acid generation. 

3.1.3 Acid Buffering Characteristic Curve 

ABCC tests were conducted on 12 overburden samples to evaluate the availability of the ANC 

measured.  Figure 3-2 shows the ABCC profiles of the major lithologies in overburden samples 

tested.  

The ABCC results indicates that 26 to 62 per cent of the total ANC for all overburden samples tested 

is readily available for acid buffering (to pH ~4.5) and it will be slow reacting, except for four samples.  

The profiles for carbonaceous claystone, siltstone and sandstone located above the GUS (i.e. none 
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coal roof and floor material), and the conglomerate located between the GMS and GUS suggest 17 to 

34 per cent of the total ANC is available for acid buffering and is fast reacting. 

Figure 3-2 ABCC Profiles of Major Lithologies in Overburden Samples 
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3.1.4 Total Metal Concentrations 

The total metal concentrations in composited overburden samples (for each lithology) compared to the 

mean upper continental crust abundance (Taylor and McLennan 1995) are shown in Table 3-3.  Also 

shown is the NEPC (1999) Health-based Investigation Levels (HILs) for contaminated soil 

assessments for land used for parklands and recreational open spaces (referred to as HIL-E).  

The Geochemical Abundance Index (GAI) (Förstner et al. 1993) was used to assess the level of metal 

enrichment relative to the mean upper continental crust abundance.  The GAI is expressed on a log 2 

scale which includes 7 integer increments (0 through to 6, respectively).  A GAI of 0 indicates the 

element is present at a concentration similar to, or less than, mean upper continental crust 

abundances; a GAI of 3 corresponds to a 12-fold enrichment; and so forth, up a GAI of 6, which 

corresponds to a 96-fold, or greater, enrichment above mean upper continental crust abundances.  

The GAI values are presented in Table 3-4.  Generally, the overburden samples had total metal 

concentrations below, or close to, the corresponding mean upper continental crust abundance, except 

for a number of samples, which showed enrichment in Sb (GAI = 1) and As (GAI 1 to 4).  Only one 

sample (mudstone) was enriched in Ni (GAI = 1). 

Comparison of results to the NEPC HIL-E for soils shows that total metal concentrations in the 

overburden sample are between two and 500 times less than the guideline values, where such 

guideline levels exist. 
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Table 3-3 Summary of Total Metal Concentrations in Composited Overburden Samples 

URS Composite Number 
GRM01, 
GRM05-08 

GRM02, 
GRM14-16 

GRM03, 
GRM17 

GRM04, 
GRM09-13 

GRM18 GRM19 GRM20 GRM21 GRM22 

No. of Samples 5 4 2 6 1 1 1 1 1 

Element 
NEPC 

HILa 

Mean Upper 
Continental 

Crust 
Abundancec S
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Al (%) -- 8.04 7.70 7.82 8.30 7.47 8.09 7.7 7.5 6.24 6.63 

Fe (%) -- 3.50 3.55 3.70 3.82 5.29 3.38 5.46 2.03 5.88 2.73 

Sb -- 0.2 0.60 0.62 0.57 0.54 0.24 0.91 1.18 0.32 0.59 

As 200 1.5 8.9 7.3 6.3 10.1 6.8 8.6 44.6 2.6 4 

Cd 40 0.098 0.13 0.16 0.11 0.09 0.08 0.11 0.14 0.12 0.14 

Cr --b 35 79 67 44 58 66 53 65 52 24 

Co  200 10 14.5 16.3 12.2 13.8 13.8 25 17.5 9.8 10.7 

Cu 2000 25 49.6 49.7 50.0 28.8 31.2 33.8 48.9 33.4 95.1 

Pb 600 20 18.1 21.5 19.3 13.1 10.5 15.7 18 17.1 15.6 

Mn 3000 600 735 700 1038 1041 1110 987 442 1320 678 

Ni 600 20 60.5 52.6 35.5 32.2 23.7 48.6 66.6 34.5 27.1 

Se -- 50 2 2 2 1 1 2 2 1 2 

Sn -- 5.5 2.6 3.1 3.1 2.0 1.5 2.3 2.8 2.6 2.4 

U  -- 2.8 2.9 3.1 2.7 2.2 1.6 2.6 2.9 2.6 1.9 

V -- 60 112 121 106 117 159 126 114 113 144 

Zn 14000 71 80.00 97.25 81.50 74 84 80 85 68 103 

All values in mg/kg, unless otherwise stated. aNational Environment Protection Council (1999) Health Investigation Levels-E for parks, recreational open space and playing fields. bGuideline 

value for Cr(VI) = 200 mg/kg. Cr(III) = 24% of total Cr. cTaylor and McLennan (1995). #Mean values. “--” means no guideline value.  
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Table 3-4 Geochemical Abundance Indices for Composited Overburden Samples 

URS Composite Number 
GRM01, 
GRM05-08 

GRM02, 
GRM14-16 

GRM03, 
GRM17 

GRM04, 
GRM09-13 

GRM18 GRM19 GRM20 GRM21 GRM22 

No. of Samples 5 4 2 6 1 1 1 1 1 
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Al 0 0 0 0 0 0 0 0 0 

Fe 0 0 0 0 0 0 0 0 0 

Sb 0 0 0 0 0 1 1 0 0 

As 1 1 1 1 1 1 4 0 0 

Cd 0 0 0 0 0 0 0 0 0 

Cr 0 0 0 0 0 0 0 0 0 

Co  0 0 0 0 0 0 0 0 0 

Cu 0 0 0 0 0 0 0 0 1 

Pb 0 0 0 0 0 0 0 0 0 

Mn 0 0 0 0 0 0 0 0 0 

Ni 0 0 0 0 0 0 1 0 0 

Se 0 0 0 0 0 0 0 0 0 

Sn 0 0 0 0 0 0 0 0 0 

U  0 0 0 0 0 0 0 0 0 

V 0 0 0 0 0 0 0 0 0 

Zn 0 0 0 0 0 0 0 0 0 

Geochemical Abundance Index (GAI) = log2 [Csample/(1.5 x Ccrust)]; where Csample = metal concentration measured in the sample, and 

Ccrust = mean metal concentration in the upper continental crust (Taylor and McLennan 1995). 
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3.1.5 Metal Leachability 

The mobility of metals (and selected dissolved solids) in the composited overburden samples were 

evaluated by analysing the dissolved metal concentrations in the water extracts (solids to deionised 

water ratio of 1:5).  The results are summarised in Table 3-5.  Also shown is the Australian livestock 

drinking water guideline (ANZECC and ARMCANZ 2000).  

The dissolved metal concentrations in the water extract (1:5) solutions are orders of magnitude below 

the selected criteria, where guidelines values exist. 

Table 3-5 Water-Extractable Dissolved Metal Concentrations in Composited Overburden Samples 

URS composite number 

GRM 
01, 

GRM 
05-08 

GRM 
02, 

GRM 
14-16 

GRM 
03, 

GRM 
17 

GRM 
04, 

GRM 
09-13 

GRM 18 GRM 19 GRM 20 GRM 21 GRM 22 

No. of Samples 5 4 2 6 1 1 1 1 1 

Parameters 
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Ca  1000b 1.4 1.0 2.7 1.3 <1 <1 <1 <1 <1 

Mg 2000c 1.0 1.0 1.2 1.0 <1 <1 <1 <1 <1 

SO4
2- 1000d 137 75 79 75 11.6 22.4 23.3 4.6 10.2 

Al 5 0.75 0.18 0.16 0.50 0.04 0.04 0.04 0.08 0.11 

As 0.5 to 5e 0.096 0.026 0.009 0.090 0.006 0.005 0.089 0.003 0.004 

B  5 0.10 0.03 0.01 0.06 <0.1 <0.1 <0.1 <0.1 <0.1 

Cd 0.01 0.0003 0.0001 0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Cr 1 0.001 0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Co 1 0.001 0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Cu 0.4 to 5f 0.001 0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Pb 0.1 0.001 0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Hg 0.002 0.0003 0.0001 0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mo 0.15 0.043 0.015 0.014 0.029 0.002 0.010 0.010 0.002 0.009 

Ni 1 0.001 0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Se 0.02 0.02 0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

U 0.2 0.001 0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Zn 20 0.005 0.003 0.003 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

All values in mg/L.  #Mean value; where values were less than the limit of reporting (LOR), the LOR value was used for 
calculation purposes.  aANZECC & ARMCANZ (2000).  bStock should tolerate concentration if calcium is the dominant cation 
and dietary phosphorus levels are adequate.  cInsufficient information is available to set trigger value; however, concentrations 
up to 2000 mg/L have been found to have no adverse effects on cattle.  dNo adverse effects to stock are expected if the 
concentration does not exceed 1000 mg/L.  eMay be tolerate if not provided as a food additive and natural levels in the diet 
are low.  fDependent on livestock species.  

3.1.6 Sodicity 

The effective cation exchange capacity (eCEC), ESP and SAR of the composited overburden samples 

are presented in Table 3-6.  The results indicate that the eCEC of the composited overburden 

samples is moderate to high (12.9 to 27.4 meq/100 grams), with very high ESP ranging from 20.3 to 

51.5 per cent.  The SAR values varied from 9.3 to 65.6. 
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Table 3-6 Sodicity of Composited Overburden Samples 

URS composite 
number 

GRM01, 
GRM05

-08 

GRM02, 
GRM14

-16 

GRM03
, 

GRM17 

GRM04, 
GRM09

-13 

GRM1
8 

GRM 
19 

GRM 
20 

GRM 
21 

GRM 
22 

No. of Samples 5 4 2 6 1 1 1 1 1 

Parameters 
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Exchangeable Ca  

(meq/100 g) 

7.8 4.9 15.0 8.0 17.6 6 4.2 4.1 19 

Exchangeable Mg 

(meq/100 g) 

1.9 2.2 2.4 2.4 1.1 2.8 2 1.7 2.1 

Exchangeable K  

(meq/100 g) 

1.0 0.9 0.9 0.7 0.8 1 1 1 0.8 

Exchangeable Na  

(meq/100 g) 

6.2 5.9 4.4 5.2 6.7 5.3 5.8 7.1 5.5 

eCEC (meq/100 g) 16.8 13.9 22.7 16.4 26.1 15.1 12.9 13.8 27.4 

ESP (%) 39.2 43.6 26.7 34.7 25.7 35.4 45 51.5 20.3 

SAR 41.2 35.4 22.7 36.2 49.1 39.6 9.3 65.6 36.0 
#Mean value. eCEC = effective cation exchange capacity. ESP = exchangeable sodium percentage. SAR = sodium adsorption 

ratio 

3.1.7 Carbon Content 

The TC concentrations in the composited overburden samples varied from 1.20 to 6.63 per cent, with 

a mean value of 3.03 per cent (Figure 3-3).  The TC concentration in four samples consisting of 

siltstone (GRM05), sandstone (GRM10), carbonaceous claystone (GRM17) and mudstone (GRM22) 

exceeded five per cent. 
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Figure 3-3 Total Carbon Concentrations in  
Composited Overburden Samples 

 

3.2 Coal Roof and Floor Material 
The ABA results for coal roof and floor samples are shown in Table 3-1.  The full data set is provided 

in Appendix B. 

3.2.1 Acid Base Account 

The pH (1:5) values for coal roof and coal floor samples ranged from 8.1 to 9.9 and 8.8 to 9.9, 

respectively, which are moderately alkaline.  The EC (1:5) value for coal roof samples ranged from 

255 to 623 µS/cm to 273 to 588 µS/cm for coal floor samples. 

The total sulfur and CRS concentrations of both the coal roof and floor samples were less than 0.40 

and 0.341 per cent, respectively.  There was marginal difference between the NAPP and NAPPCRS 

values (within  2 kg H2SO4/t).  The mean NAPP values for coal roof and coal floor samples were -

16.2 and -20.8 kg H2SO4/t, respectively. 

Figure 3-4 is an ABA plot showing sulfide-sulfur (per cent SCRS) versus ANC, with NAPPCRS positive 

and NAPPCRS negative domains indicated.  Except for one sample (shale), all coal roof and coal floor 

samples tested fall within the NAPPCRS negative domain, and has an acid neutralising capacity that is 

greater than or equal to three times its acid generating potential. 
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Figure 3-4 ABA plot of ANC versus SCRS for Coal Roof and Coal Floor Samples 
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Table 3-7 ABA Results for Coal Roof and Coal Floor Samples 

Core 
Hole 
ID 

Sample 
Interval (m) Sample 

Type 
Lithology 

pH 
(1:5) 

EC (1:5) 
Total 
S 

SCRS MPA MPACRS ANC NAPP NAPPCRS  ANC/MPA 
Ratio 

ANC/MPACRS 
Ratio  

From  To (µS/cm) (%) (%) (kg H2SO4/t) 

43723 217.92 218.30 Roof Siltstone 9.6 397 0.03 0.005 0.92 0.15 27.1 -26.2 -26.9 29 181 

43723 264.65 265.15 Floor Claystone 9.6 382 0.05 0.017 1.53 0.52 40.1 -38.6 -39.6 26 77 

43723 400.20 400.70 Floor Siltstone 9.7 340 0.02 0.010 0.61 0.31 7.60 -6.99 -7.29 12 25 

43733 128.79 129.29 Roof 
Carbonaceous 
claystone 

9.1 387 0.03 0.011 0.92 0.34 23.4 -22.5 -23.1 25 69 

43733 133.50 134.00 Floor Siltstone 8.8 481 0.13 0.066 3.98 2.02 16.1 -12.1 -14.1 4 8 

43733 222.83 223.38 Roof Siltstone 9.5 421 0.02 0.011 0.61 0.34 40.1 -39.5 -39.8 65 119 

43733 279.66 280.00 Floor Siltstone 9.5 333 0.06 0.040 1.84 1.23 7.20 -5.36 -5.98 4 6 

43750 282.20 282.50 Floor Claystone 9.5 311 0.05 0.015 1.53 0.46 9.80 -8.27 -9.34 6 21 

43750 368.69 369.08 Roof Siltstone 9.7 423 0.04 0.017 1.23 0.52 13.4 -12.2 -12.9 11 26 

43750 378.50 379.00 Floor Sandstone 9.7 588 0.02 0.013 0.61 0.40 116 -115 -116 189 291 

43750 417.00 417.34 Roof 
Sandstone/ 
siltstone 

9.9 363 0.02 0.010 0.61 0.31 23.4 -22.8 -23.1 38 76 

43765 392.30 392.63 Roof siltstone/claystone 9.6 255 0.03 0.013 0.92 0.40 11.4 -10.5 -11.0 12 29 

43893 186.96 187.37 Roof Shale 8.1 623 0.40 0.341 12.25 10.44 9.50 2.75 0.94 1 1 

43893 192.12 192.62 Floor Siltstone 9.9 503 0.04 0.023 1.23 0.70 7.60 -6.38 -6.90 6 11 

43893 299.46 299.94 Roof Shale/siltstone 9.7 322 0.03 0.007 0.92 0.21 5.00 -4.08 -4.79 5 23 

43893 307.57 308.07 Floor Shale/sandstone 9.7 273 0.03 0.021 0.92 0.64 3.70 -2.78 -3.06 4 6 

43893 336.00 336.38 Floor 
Carbonaceous 
mudstone/siltstone 

9.3 327 0.15 0.135 4.59 4.13 13.6 -9.01 -9.47 3 3 

43893 357.09 357.59 Roof Siltstone 9.9 535 0.03 0.014 0.92 0.43 11.4 -10.5 -11.0 12 27 

43893 363.61 364.11 Floor Siltstone 9.8 320 0.02 0.007 0.61 0.21 3.70 -3.09 -3.49 6 17 

MPA = maximum potential acidity; CRS = chromium reducible sulfur. MPACRS = maximum potential acidity determined using the SCRS value. ANC = acid neutralising capacity. NAPP = net acid producing 

potential. NAPPCRS = net acid producing potential determined using the SCRS value. 
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3.2.2 Net Acid Generation Test 

Standard single addition NAGpH, and NAG capacity to pH 4.5 (NAGpH4.5) and pH 7.0 (NAGpH7.0) 

results are summarised in Table 3-8.  

The NAGpH for the majority of coal roof and coal floor samples tested was greater than pH 6.6, with 

effectively no NAG capacity. The only exceptions were for a shale (NAGpH = 3.7) and siltstone 

(NAGpH = 3.5) sample, with corresponding NAGpH7.0 capacities of 5.9 and 5.6 kg H2SO4/t, 

respectively. 

Table 3-8 NAG Results for Coal Roof and Coal Floor Samples 

Core 
Hole 
ID 

Sample 
Interval (m) 

  
Sample 
Type 

Lithology NAGpH 
NAGpH 4.5  NAGpH 7.0  

 From  To (kg H2SO4/t) 

43723 217.92 218.30 Roof Siltstone 9.0 <0.1 <0.1 

43723 264.65 265.15 Floor Claystone 8.8 <0.1 <0.1 

43723 400.20 400.70 Floor Siltstone 8.9 <0.1 <0.1 

43733 128.79 129.29 Roof Carbonaceous claystone 8.6 <0.1 <0.1 

43733 133.50 134.00 Floor Siltstone 7.5 <0.1 <0.1 

43733 222.83 223.38 Roof Siltstone 9.1 <0.1 <0.1 

43733 279.66 280.00 Floor Siltstone 7.1 <0.1 <0.1 

43750 282.20 282.50 Floor Claystone 7.8 <0.1 <0.1 

43750 368.69 369.08 Roof Siltstone 9.5 <0.1 <0.1 

43750 378.50 379.00 Floor Sandstone 10.5 <0.1 <0.1 

43750 417.00 417.34 Roof Sandstone/ siltstone 8.8 <0.1 <0.1 

43765 392.30 392.63 Roof siltstone/claystone 8.8 <0.1 <0.1 

43893 186.96 187.37 Roof Shale 3.7 1.3 5.9 

43893 192.12 192.62 Floor Siltstone 3.5 1.8 5.6 

43893 299.46 299.94 Roof Shale/siltstone 7.0 <0.1 <0.1 

43893 307.57 308.07 Floor Shale/sandstone 6.6 <0.1 0.6 

43893 336.00 336.38 Floor Carbonaceous mudstone/ siltstone 8.1 <0.1 <0.1 

43893 357.09 357.59 Roof Siltstone 9.4 <0.1 <0.1 

43893 363.61 364.11 Floor Siltstone 8.4 <0.1 <0.1 

NAG = net acid generation. 

 

A total of three of the coal roof and coal floor samples, containing the highest sulfur concentrations 

(0.13 to 0.40 per cent), were selected for extended boil NAG testing.  The extended boil NAGpH and 

calculated NAG acidity (NAGorg) results are shown in Table 3-9.  The results indicate the extended boil 

NAGpH value of the sample containing shale material was less than 4.5, with a calculated NAG acidity 

of 2.9 kg H2SO4/t.  The NAG solution pH of the two coal floor samples remained at the same pH as the 

standard single addition NAGpH value after the extended boiling step. 
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Table 3-9 Carbon Concentrations in Selected Coal Roof and Coal Floor Samples 

Core 
Hole 

ID 

Sample Interval 
(m) Sample 

Type 
Lithology 

Extended 
Boil 

NAGpH 

NAGorg  
(kg H2SO4/t) 

From  To 

43733 133.50 134.00 Floor Siltstone 7.5 - 

43893 186.96 187.37 Roof Shale 3.0 2.9 

43893 336.00 336.38 Floor Carbonaceous Mudstone/ Siltstone 8.1 - 

3.2.3 Acid Buffering Characteristic Curve 

ABCC tests were conducted on six coal roof and coal floor samples comprising of mainly siltstone, 

claystone, sandstone carbonaceous mudstone/siltstone, and sandstone/siltstone. Figure 3-5 shows 

the ABCC profiles of the coal roof and coal floor samples tested.  

The ABCC profiles indicates that 10 to >100 per cent of the total ANC in most coal roof and coal floor 

materials tested is readily available for acid buffering (to pH ~4.5) and it will be slow reacting.  The 

exception was a coal floor sample consisting of sandstone material, which was relatively fast reacting 

dropping from pH 9.87 to 4.65 when only 34.3 kg H2SO4/t of acid was added (i.e. 30 per cent of the 

total ANC).  

3.2.4 Total Metal Concentrations 

The total metal concentrations in five composite coal roof and seven composite coal floor samples 

compared to the mean upper continental crust abundance (Taylor and McLennan, 1995) and HIL-E 

guidelines (NEPC 1999) are shown in Table 3-10.  

The GAI values are presented in Table 3-11.  In general, the composited coal roof and coal floor 

samples tested had total metal concentrations below, or close to, the corresponding mean upper 

continental crust abundance, except for a number of samples, which showed enrichment in Sb (GAI = 

1 to 2) and As (GAI 1 to 4).  One coal roof sample consisting of siltstone (and shale/siltstone) was 

enriched in Cr (GAI = 1) and Ni (GAI = 1).  Cu and V were enriched in a siltstone (GAI =1) and 

sandstone (GAI =1) coal floor sample, respectively. 

Comparison of results to the NEPC HIL-E for soils shows that total metal concentrations in the 

composited coal roof and coal floor samples are between 2 and 444 times less than the guideline 

values, where such guideline levels exist. 
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Figure 3-5 ABCC Profiles for Coal Roof and Floor Samples 
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Table 3-10 Summary of Total Metal Concentrations in Composited Coal Roof and Coal Floor Samples 

URS Composite Number GRM23 GRM24 GRM25 GRM26 GRM27 GRM28 GRM29 GRM30 GRM31 GRM32 GRM33 GRM34 

Sample Type Coal Roof Coal Roof Coal Roof Coal Roof Coal Roof Coal Floor Coal Floor Coal Floor Coal Floor Coal Floor Coal Floor Coal Floor 

Element 
NEPCa 

HIL-E 

Mean Upper 
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Abundancec 
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Al (%) -- 8.04 6.88 6.38 7.58 7.32 8.34 8.57 7.37 8.43 7.31 9.19 8.91 6.53 

Fe (%) -- 3.50 5.71 4.32 2.31 1.71 4.18 0.98 0.89 0.65 1.73 2.41 1.21 7.84 

Sb -- 0.2 0.83 0.54 0.63 0.45 1.28 0.32 0.57 0.68 0.87 0.68 0.57 1.02 

As 200 1.5 5.1 4.2 9.7 3.6 28.6 2.9 3.6 5 6.8 3.7 39.4 26.7 

Cd 40 0.098 0.11 0.09 0.11 0.18 0.12 0.17 0.14 0.13 0.11 0.15 0.16 0.11 

Cr --b 35 53 44 131 45 45 47 45 46 96 60 58 52 

Co 200 10 13.1 10.7 12.2 10.1 15.5 1.9 4.1 6.1 14.5 17.1 11.7 13.6 

Cu 2000 25 45.7 51 47.1 54.3 51.6 79.1 29.9 33.9 22.5 51.8 62.9 27.4 

Pb 600 20 20.1 16.9 16 25.1 19.3 20.3 24.7 15.6 14.5 17.9 14.5 17.4 

Mn 3000 600 1440 369 429 435 150 23 56 43 188 168 76 1600 

Ni 600 20 38.1 34.9 110.5 31.7 40.1 9.1 13.1 17.5 26.8 45.3 35.5 44.5 

Se -- 50 2 2 2 2 2 1 2 2 2 2 2 2 

Sn -- 5.5 3.3 2.7 2.7 3.2 2.9 2.8 3.7 3 2.5 2.9 2.3 2.7 

U -- 2.8 2.7 2.8 2.5 3.6 2.9 3.6 3.6 2.8 2.1 3.2 2.5 2.6 

V -- 60 123 92 116 106 100 135 89 133 183 123 155 106 

Zn 14000 71 88 69 96 91 73 84 80 64 96 94 114 80 

All values in mg/kg, unless otherwise stated. aNational Environment Protection Council (1999) Health Investigation Levels-E for parks, recreational open space and playing fields.  bGuideline value for 

Cr(VI) = 200 mg/kg. Cr(III) = 24 per cent of total Cr.  cTaylor and McLennan (1995). #Mean values; “--” means no guideline value.  
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Table 3-11 Geochemical Abundance Indices for both Composited Coal Roof and Coal Floor Samples 

URS 
Composite 

Number 

GRM
23 

GRM
24 

GRM
25 

GRM
26 

GRM
27 

GRM
28 

GRM
29 

GRM
30 

GRM
31 

GRM
32 

GRM
33 
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34 

Sample 
Type 

Coal 
Roof 

Coal 
Roof 

Coal 
Roof 

Coal 
Roof 

Coal 
Roof 

Coal 
Floor 

Coal 
Floor 

Coal 
Floor 
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Floor 
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Floor 
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Floor 
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Al 0 0 0 0 0 0 0 0 0 0 0 0 

Fe 0 0 0 0 0 0 0 0 0 0 0 0 

Sb 1 0 1 0 2 0 0 1 1 1 0 1 

As 1 0 2 0 3 0 0 1 1 0 4 3 

Cd 0 0 0 0 0 0 0 0 0 0 0 0 

Cr 0 0 1 0 0 0 0 0 0 0 0 0 

Co  0 0 0 0 0 0 0 0 0 0 0 0 

Cu 0 0 0 0 0 1 0 0 0 0 0 0 

Pb 0 0 0 0 0 0 0 0 0 0 0 0 

Mn 0 0 0 0 0 0 0 0 0 0 0 0 

Ni 0 0 1 0 0 0 0 0 0 0 0 0 

Se 0 0 0 0 0 0 0 0 0 0 0 0 

Sn 0 0 0 0 0 0 0 0 0 0 0 0 

U  0 0 0 0 0 0 0 0 0 0 0 0 

V 0 0 0 0 0 0 0 0 1 0 0 0 

Zn 0 0 0 0 0 0 0 0 0 0 0 0 

Geochemical Abundance Index (GAI) = log2 [Csample/(1.5 x Ccrust)]; where Csample = metal concentration measured in the sample, 
and Ccrust = mean metal concentration in the upper continental crust (Taylor and McLennan 1995). 

3.2.5 Metal Leachability 

The mobility of metals in both the composited coal roof and coal floor samples were evaluated by 

analysing the dissolved metal concentrations in the water extracts (solids to deionised water ratio of 

1:5).  The results are summarised in Table 3–12.  Also shown is the Australian livestock drinking 

water guideline (ANZECC and ARMCANZ 2000).  

The dissolved metal concentrations in the water extract (1:5) solutions were below the selected criteria 

for all coal roof and coal samples tested.  

3.2.6 Sodicity 

The eCEC, ESP and SAR of both the composited coal roof and samples are presented in Table 3–13. 

The results indicate that the eCEC of the composited coal roof samples is moderate (12.9 to 

16.9 meq/100 g), and low to moderate for the composited coal floor samples (10.9 to 22.1 meq/100 g).  

The sodicity of both the composited coal roof and floor samples was very high with ESP ranging from 

24.5 to 63.4 per cent.  The mean SAR value was 25.8. 
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Table 3-12 Water-Extractable Dissolved Metal Concentrations in Both Composited Coal Roof and Coal Floor Samples 

URS composite 
number 

GRM23 GRM24 GRM25 GRM26 GRM27 GRM28 GRM29 GRM30 GRM31 GRM32 GRM33 GRM34 

Sample Type Roof  Roof Roof Roof Roof Floor Floor Floor Floor Floor Floor Floor 

Para-
meters 

Livestock 
Drinking 
Watera 

Carbon-
aceous 

Claystone 
Siltstone 

Siltstone  
(Shale/ 

Siltstone) 

Sandstone/ 
Siltstone/ 
Claystone 

Shale Siltstone Siltstone 
Shale/ 

Sandstone 
Sandstone Claystone Siltstone 

Carbon-
aceous 

Mudstone/ 
Siltstone 

Ca  1,000b <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Mg 2,000c <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

SO4
2 1,000d 20.9 15.2 14.6 14.9 104 8.0 11.2 9.1 21.0 18.7 43.3 18.4 

Al 5 0.02 0.12 0.05 0.07 <0.01 0.26 0.15 0.19 0.04 0.16 0.03 0.09 

As 0.5 to 5e <0.001 0.002 0.019 0.039 <0.001 <0.001 0.003 0.009 0.010 0.003 0.019 0.005 

B  5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Cd 0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Cr 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Co 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Cu 0.4 to 5f <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Pb 0.1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Hg 0.002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mo 0.15 0.002 0.008 0.005 0.010 0.006 0.003 0.002 0.008 0.006 0.008 0.006 0.004 

Ni 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Se 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

U 0.2 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Zn 20 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

All values in mg/L.  aANZECC & ARMCANZ (2000).  bStock should tolerate concentration if calcium is the dominant cation and dietary phosphorus levels are adequate.  cInsufficient information is 

available to set trigger value; however, concentrations up to 2,000 mg/L have been found to have no adverse effects on cattle.  dNo adverse effects to stock are expected if the concentration 

does not exceed 1,000 mg/L.  eMay be tolerate if not provided as a food additive and natural levels in the diet are low.  fDependent on livestock species. 
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Table 3-13 Sodicity of Both Composited Coal Roof and Coal Floor Samples 

URS Composite Number GRM23 GRM24 GRM25 GRM26 GRM27 GRM28 GRM29 GRM30 GRM31 GRM32 GRM33 GRM34 

Sample Type Coal 
Roof  

Coal 
Roof 

Coal 
Roof 

Coal 
Roof 

Coal 
Roof 

Coal 
Floor 

Coal 
Floor 

Coal 
Floor 

Coal 
Floor 

Coal 
Floor 

Coal 
Floor 

Coal 
Floor 

Parameter Units 
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Exchangeable Ca meq/100 g 5.8 3.7 6.2 5.5 2.8 4.7 4.0 3.6 7.2 3.5 8.4 2.7 

Exchangeable Mg meq/100 g 3.3 1.0 2.5 1.6 1.2 1.6 0.9 1.0 3.4 1.1 3.6 1.1 

Exchangeable K meq/100 g 1.0 1.1 1.0 1.1 1.0 1.8 1.1 0.8 0.6 1.0 0.7 1.0 

Exchangeable Na  meq/100 g 3.8 7.0 7.1 6.7 7.7 14.0 8.6 7.3 5.2 9.3 4.1 6.1 

eCEC meq/100 g 13.8 12.8 16.9 14.8 12.8 22.1 14.6 12.7 16.5 14.9 16.7 10.9 

ESP % 27.2 54.8 42.3 45.1 60.8 63.4 59.0 57.7 31.8 62.4 24.5 55.9 

SAR - 24.4 25.5 26.4 34.1 64.9 27 7.62 9.23 28.7 15.7 19.8 26 

eCEC = effective cation exchange capacity.  ESP = exchangeable sodium percentage.  SAR = sodium adsorption ratio 
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3.2.7 Carbon Content 

Carbon speciation analysis was conducted on the same coal roof and coal floor samples selected for 

extended boil NAG testing.  The results are shown in Table 3-14.  Total organic Carbon (TOC) 

concentration ranged from 1.45 to 3.24 per cent and is the main carbon species in the siltstone (coal 

floor) and shale (coal roof) samples tested. The Total Inorganic Carbon (TIC) concentration in the 

mixed carbonaceous mudstone/siltstone (coal floor) sample accounted for over 58 per cent of its Total 

Carbon (TC) content. 

Table 3-14 Carbon Concentrations in Selected Coal Roof and Coal Floor Samples 

Core 
Hole 
ID 

Sample 
Interval (m) Sample 

Type 
Lithology 

Total 
Carbon 
(TC) 

Total 
Inorganic 
Carbon 
(TIC) 

Total 
Organic 
Carbon 
(TOC) From  To 

43733 133.50 134.00 Floor Siltstone 3.35 0.12 3.24 

43893 186.96 187.37 Roof Shale 2.55 0.04 2.52 

43893 336.00 336.38 Floor Carbonaceous Mudstone/ Siltstone 3.53 2.07 1.45 

 

The TC concentrations in the five composited coal roof and seven composited coal floor samples 

varied from 1.20 to 2.67 per cent and 0.87 to 3.58 per cent, respectively (Figure 3-6).  The mean TC 

concentration was 1.96 per cent.  

Figure 3-6 Total Carbon Concentrations in Composited Coal Roof and Coal Floor Samples 
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3.3 Coarse Rejects 
The acid base accounting results for coarse rejects are presented in Table 3-15.  The full data set is 

provided in Appendix C. 

3.3.1 Acid Base Accounting 

The pH (1:5) value for Riverside coarse rejects ranged from 6.7 to 8.5, which is near neutral to 

moderately alkaline.  For Goonyella coarse reject samples, the pH (1:5) ranged between 7.2 and 9.4.  

The EC (1:5) value varied from 138 to 320 µS/cm, with a mean value of 235 µS/cm. 

The total sulfur and CRS concentrations of the coarse rejects were less than 0.60 and 0.41per cent, 

respectively. The mean NAPP value for Riverside and Goonyella coarse rejects were 4.23 and 2.72 kg 

H2SO4/t, respectively, with corresponding mean NAPPCRS values of -1.70 and -1.59 kg H2SO4/t. 

Figure 3-7 is an ABA plot showing sulfide-sulfur (per cent SCRS) versus ANC, with NAPPCRS positive 

and NAPPCRS negative domains indicated.  Approximately 62 per cent of coarse reject samples tested 

fall within the NAPPCRS negative domain, and has an acid neutralising capacity that is between one 

and five times its acid generating potential. 

Figure 3-7 ABA Plot of ANC versus SCRS for Coarse Reject Samples 
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Table 3-15 Summary of ABA Results for Coarse Reject Samples 

Location 
Deposition 
Time 

Sample 
Type 

pH 
(1:5) 

EC (1:5) 
Total

S 
SCRS MPA MPACRS ANC NAPP NAPPCRS  ANC/MPA 

Ratio 
ANC/MPACRS 
Ratio  

(µS/cm) (%) (%) (kg H2SO4/t) 

Riverside ca. 2003 
Coarse 
reject 

6.7 307 0.27 0.07 8.27 2.14 2.60 5.67 -0.46 0.3 1.2 

Riverside May 2009 
Coarse 
reject 

8.5 138 0.28 0.129 8.58 3.95 11.6 -3.03 -7.65 1.4 2.9 

Riverside Dec 2009 
Coarse 
reject 

8.5 293 0.39 0.189 11.9 5.79 6.30 5.64 -0.51 0.5 1.1 

Riverside May 2011 
Coarse 
reject 

7.9 320 0.39 0.167 11.9 5.11 3.30 8.64 1.81 0.3 0.6 

Goonyella Mid 2006 
Coarse 
reject 

7.2 173 0.60 0.409 18.4 12.5 4.50 13.9 8.03 0.2 0.4 

Goonyella ca. 2008 
Coarse 
reject 

8.6 212 0.29 0.13 8.88 3.98 3.70 5.18 0.28 0.4 0.9 

Goonyella Mid 2010 
Coarse 
reject 

7.6 288 0.30 0.229 9.19 7.01 9.10 0.09 -2.09 1.0 1.3 

Goonyella May 2011 
Coarse 
reject 

9.4 145 0.24 0.098 7.35 3.00 15.6 -8.25 -12.6 2.1 5.2 

MPA = maximum potential acidity. CRS = chromium reducible sulfur.  MPACRS = maximum potential acidity determined using the SCRS value.  

ANC = acid neutralising capacity.  NAPP = net acid producing potential.  NAPPCRS = net acid producing potential determined using the SCRS value. 
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3.3.2 Net Acid Generation Test 

Standard single addition NAGpH, and NAG capacity to pH 4.5 (NAGpH4.5) and pH 7.0 (NAGpH7.0) 

results are summarised in Table 3-16.  Also shown are the extended boil NAGpH and NAGorg results.  

The NAGpH of the Riverside coarse reject samples tested ranged from 2.5 to 6.6, with NAGpH7.0 

capacity of 0.2 to 83.8 kg H2SO4/t.  NAG tests conducted on the Riverside sample deposited in 2003 

had the highest NAGpH7.0 capacity (83.8 kg H2SO4/t), followed by a Goonyella sample deposited in 

mid-2006 (22.9 kg H2SO4/t). 

The extended boil NAGpH ranged from 3.0 to 6.2.  The calculated NAG acidities (<0.1 to 9.2 kg 

H2SO4/t) were less than their corresponding NAGpH7.0 capacity values. 

Table 3-16 Summary of NAG Results for Coarse Reject Samples 

Location 
Deposition 
Time 

Lithology NAGpH 

Extended 
Boil NAGpH 

NAGpH 4.5 NAGpH 7.0  NAGorg 

(kg H2SO4/t) 

Riverside ca. 2003 Coarse reject 2.5 5.4 49.4 83.8 4.5 

Riverside May 2009 Coarse reject 6.6 - <0.1 0.2 - 

Riverside Dec 2009 Coarse reject 3.4 6.2 4.8 13.1 2.1 

Riverside May 2011 Coarse reject 3.5 6.1 2.4 11 <0.1 

Goonyella Mid 2006 Coarse reject 2.8 3.0 10.4 22.9 9.2 

Goonyella ca. 2008 Coarse reject 3.3 5.7 4.4 13.4 2.8 

Goonyella Mid 2010 Coarse reject 5.5 - <0.1 0.5 - 

Goonyella May 2011 Coarse reject 8.0 - <0.1 <0.1 - 

 

3.3.3 Acid Buffering Characteristics Curve 

ABCC tests were conducted on two coarse reject samples (containing the highest ANC values) to 

evaluate the availability of the ANC measured.  The ABCC profiles are presented in Figure 3-8.  

The ABCC results indicates that about 13 per cent of the total ANC for the coarse reject samples 

tested is readily available for acid buffering (to pH ~4.5) and it will be slow reacting.  
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Figure 3-8 ABCC Profiles of Selected Coarse Reject Samples 
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3.3.4 Total Metal Concentrations 

The total metal concentrations in coarse reject samples compared to the mean upper continental crust 

abundance (Taylor and McLennan 1995) are shown in Table 3-17.  Also shown are HIL-E guideline 

for contaminated soil assessments for land used for parklands and recreational open spaces (NEPC 

1999).  

The GAI values were used to assess the level of metal enrichment relative to the mean upper 

continental crust abundance.  The GAI values are presented in Table 3-18.  The coarse reject 

samples had total metal concentrations below, or close to, the corresponding mean upper continental 

crust abundance, except for a number of samples, which showed some enrichment in Sb (GAI = 1) 

and As (GAI 1).  Only one sample (Goonyella mid-2010) was elevated in Cd (GAI = 1). 

Comparison of results to the NEPC HIL-E for soils shows that total metal concentrations in the coarse 

reject samples are up to 570 times less than the guideline values, where such guideline levels exist. 
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Table 3-17 Summary of Total Metal Concentrations for Coarse Reject Samples 

Element 

NEPC 

Health-Based 
Investigation 
Levela 

Mean Upper 
Continental 
Crust 
Abundancec 

Deposition Time 

Riverside Goonyella 

ca. 2003 May 2009 Dec 2009 May 2011 Mid 2006 ca. 2008 Mid 2010 May 2011 

Al (%) -- 8.04 4.5 5.16 5.81 5.88 6.93 7.48 6.64 7.4 

Fe (%) -- 3.50 0.53 4.43 1.32 1.91 1.22 1.26 1.29 2.73 

Sb -- 0.2 0.47 0.5 0.56 0.58 0.58 0.71 0.89 0.37 

As 200 1.5 2.2 5.2 4.1 3.7 5.2 4.5 4 2.6 

Cd 40 0.098 0.11 0.14 0.15 0.14 0.18 0.11 0.34 0.07 

Cr --b 35 9 17 15 28 18 16 13 26 

Co  200 10 6.9 3.9 3.7 4.6 4.4 3.2 2.6 4.5 

Cu 2,000 25 31.2 37.7 41.6 41.8 38.5 40.4 145 25.2 

Pb 600 20 15.2 13.5 17.6 16.7 25.3 17.2 16.2 15 

Mn 3,000 600 79 1015 227 267 183 187 240 452 

Ni 600 20 10.7 13.8 9.7 12.9 13.2 8.4 7.2 12 

Se -- 50 1 1 1 1 1 1 1 1 

Tl -- 0.750 0.31 0.37 0.41 0.32 0.43 0.41 0.6 0.32 

Sn -- 5.5 2.2 2 2.7 2.2 3.1 3.2 2.1 1.8 

U  -- 2.8 2.2 2.2 2.7 2.4 2.5 3.2 2.3 2.1 

V -- 60 66 67 67 71 66 69 77 76 

Zn 14,000 71 34 48 52 50 52 40 68 34 

All values in mg/kg, unless otherwise stated.  aNational Environment Protection Council (1999) Health Investigation Levels-E for parks, recreational open space and playing fields.  
bGuideline value for Cr(VI) = 200 mg/kg.  Cr(III) = 24 per cent of total Cr.  cTaylor and McLennan (1995). 
#Mean values; “--” means no guideline value.  
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Table 3-18 Geochemical Abundance Indices for Coarse Rejects Samples 

Element 

Deposition Time 

Riverside Goonyella 

ca. 2003 May 2009 Dec 2009 May 2011 Mid 2006 ca. 2008 Mid 2010 May 2011 

Al 0 0 0 0 0 0 0 0 

Fe 0 0 0 0 0 0 0 0 

Sb 0 0 0 0 0 1 1 0 

As 0 1 0 0 1 1 0 0 

Cd 0 0 0 0 0 0 1 0 

Cr 0 0 0 0 0 0 0 0 

Co  0 0 0 0 0 0 0 0 

Cu 0 0 0 0 0 0 0 0 

Pb 0 0 0 0 0 0 0 0 

Mn 0 0 0 0 0 0 0 0 

Ni 0 0 0 0 0 0 0 0 

Se 0 0 0 0 0 0 0 0 

Tl 0 0 0 0 0 0 0 0 

Sn 0 0 0 0 0 0 0 0 

U  0 0 0 0 0 0 0 0 

V 0 0 0 0 0 0 0 0 

Zn 0 0 0 0 0 0 0 0 

Geochemical Abundance Index (GAI) = log2 [Csample/(1.5 x Ccrust)]; where Csample = metal concentration  

measured in the sample, and Ccrust = mean metal concentration in the upper continental crust  

(Taylor and McLennan, 1995). 

 

3.3.5 Metal Leachability 

The mobility of metals in the composited overburden samples were evaluated by analysing the 

dissolved metal concentrations in the water extracts (solids to deionised water ratio of 1:5).  The 

results are summarised in Table 3-19.  Also shown is the Australian livestock drinking water guideline 

(ANZECC and ARMCANZ 2000). 

The dissolved metal concentrations in the water extract (1:5) solutions are generally orders of 

magnitude below the selected criteria, where guidelines values exist. 
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Table 3-19 Water-Extractable Dissolved Metal Concentrations in Coarse Reject Samples 

 Parameters 
Livestock Drinking 

Watera 

Riverside Goonyella 

ca. 2003 May 2009 Dec 2009 May 2011 Mid 2006 ca. 2008 Mid 2010 May 2011 

Ca  1,000b 12 <1 <1 2 24 31 143 13 

Mg 2,000c 23 <1 <1 2 17 33 83 12 

SO4
2- 1,000d 1043 108 383 357 597 83 699 171 

Al 5 <0.01 0.87 0.01 0.04 0.02 <0.01 0.21 0.01 

As 0.5 to 5e <0.001 0.004 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

B  5 0.3 0.2 0.2 0.2 0.1 <0.1 <0.1 0.2 

Cd 0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Cr 1 <0.001 0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 

Co 1 0.002 <0.001 <0.001 <0.001 <0.001 0.023 <0.001 <0.001 

Cu 0.4 to 5f 0.002 0.003 <0.001 0.001 0.001 <0.001 0.003 0.002 

Pb 0.1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Hg 0.002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mo 0.15 <0.001 0.012 <0.001 0.005 0.011 0.001 0.018 0.001 

Ni 1 0.001 0.001 <0.001 <0.001 <0.001 0.059 0.001 <0.001 

Se 0.02 0.02 0.01 0.01 <0.01 <0.01 <0.01 0.01 <0.01 

U 0.2 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Zn 20 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

All values in mg/L. aANZECC & ARMCANZ (2000).  bStock should tolerate concentration if calcium is the dominant cation and dietary phosphorus levels are adequate.  
cInsufficient information is available to set trigger value; however, concentrations up to 2000 mg/L have been found to have no adverse effects on cattle.  
dNo adverse effects to stock are expected if the concentration does not exceed 1000 mg/L. 
eMay be tolerated if not provided as a food additive and natural levels in the diet are low. 
fDependent on livestock species.  
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3.3.6 Sodicity 

The eCEC, ESP and SAR of coarse reject samples are presented in Table 3-20.  The results indicate 

that the eCEC for the Riverside (7.8 to 10.0 meq/100 g) and Goonyella (10.2 to 17.0 meq/100 g) coal 

reject samples is low to moderate.  The ESP ranged from 12.4 to 27.2 per cent for Riverside coarse 

reject samples compared to 0.8 to 22.5 per cent for Goonyella samples.  The SAR values varied from 

0.11 to 28.3. 

Table 3-20 Sodicity of Coarse Rejects Samples 

Parameter Units 

Deposition Time 

Riverside Goonyella 

ca. 
2003 

May 
2009 

Dec 
2009 

May 
2011 

Mid 
2006 

ca. 
2008 

Mid 
2010 

May 
2011 

Exchangeable Ca meq/100 g 2.1 4 3 4 5.5 5 10.8 4 

Exchangeable Mg meq/100 g 3.9 4.5 3.7 3.5 3.8 4.8 5.3 3.6 

Exchangeable K meq/100 g 0.2 0.3 0.3 0.2 0.4 0.4 0.4 0.3 

Exchangeable Na  meq/100 g 1.6 1.2 2.6 2 2.1 <0.1 0.6 2.3 

eCEC meq/100 g 7.8 10 9.7 9.7 11.9 10.3 17 10.2 

ESP % 20.8 12.4 27.2 20.5 17.8 0.8 3.2 22.5 

SAR - 8.39 11.9 28.3 23 6.16 0.11 0.62 9.39 

eCEC = effective cation exchange capacity.  ESP = exchangeable sodium percentage.  

SAR = sodium adsorption ratio. 

3.3.7 Carbon Content 

Carbon speciation analysis was conducted on the coarse reject samples.  The results are shown in 

Table 3-21.  TOC concentration ranged from 11.9 to 31.7 per cent and is the main carbon species in 

the coarse reject samples tested.  The mean TOC concentration for the Riverside coarse reject 

samples was 25.8 per cent compared to 16.9 per cent for the Goonyella samples.  The TIC 

concentration in the coarse reject samples accounted for less than 6.5 per cent of the TC content. 

Table 3-21 Carbon Concentrations in Coarse Reject Samples 

Location Deposition Time Total Carbon (TC) 
Total Inorganic 

Carbon (TIC) 
Total Organic Carbon (TOC) 

R
iv

er
si

de
 ca. 2003 33.9 2.17 31.7 

May-09 21.8 1.38 20.5 

Dec-09 25.7 1.39 24.3 

May-11 27.2 0.51 26.6 

G
oo

ny
el

la
 Mid 2006 24.6 1.03 23.6 

ca. 2008 16.4 0.06 16.3 

Mid 2010 12.0 0.11 11.9 

May-11 16.5 0.79 15.7 
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3.4 Tailings 
The ABA results for tailings samples are presented in Table 3-15.  The full data set is provided in 

Appendix D. 

3.4.1 Acid Base Account 

The pH (1:5) value for Riverside (RS1) and Goonyella (GS1) tailings samples tested ranged from 7.8 

to 8.8 and 7.6 to 9.1, respectively, which is mildly to strongly alkaline.  The EC (1:5) value for RS1 

tailings samples ranged from 609 to 1,490 µS/cm, and 425 to 2,370 µS/cm for GS1 tailings samples. 

The mean total sulfur and CRS concentration for RS1 tailings samples was 0.71 and 0.40 per cent, 

respectively, compared to 1.74 and 1.50 per cent for GS1 tailings samples, respectively.  For the GS1 

tailings samples, the sulfur concentrations increased with the age of deposition.  

The NAPP value for tailings samples ranged between 3.6 and 60 kg H2SO4/t, with corresponding 

NAPPCRS values of -7.66 to 46.9 kg H2SO4/t.  

Figure 3-9 is an ABA plot showing sulfide-sulfur (per cent SCRS) versus ANC, with NAPPCRS positive 

and NAPPCRS negative domains indicated.  The majority of tailings samples tested (70 per cent) fall 

within the NAPPCRS positive domain, and has an acid neutralising capacity that is less than one times 

its acid generating potential.  Three RS1 tailings samples (deposited in November and December 

2010, and 2008) plotted in the NAPPCRS negative domain, with acid neutralising capacity greater 

between two and four times its acid generating potential. 

Figure 3-9 ABA Plot of ANC versus Total S for RS1 and GS1 Tailings Samples 
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Table 3-22 Summary of ABA Results for RS1 and GS1 Tailings Samples 

Location 
Deposition 
Time 

pH 
(1:5) 

EC (1:5) 
Total

S 
SCRS MPA MPACRS ANC NAPP NAPPCRS  ANC/MPA 

Ratio 
ANC/MPACRS 
Ratio  

(µS/cm) (%) (%) (kg H2SO4/t) 

RS1 ca. 2008 8.7 619 0.45 0.083 13.8 2.54 10.2 3.58 -7.66 0.7 4.0 

RS1 Nov 2010 8.4 1,490 0.53 0.145 16.2 4.44 10.7 5.53 -6.26 0.7 2.4 

RS1 Dec 2010 8.8 711 0.39 0.097 11.9 2.97 7.7 4.24 -4.73 0.6 2.6 

RS1 Jan 2011 8.2 703 1.21 1.03 37.1 31.5 13.3 23.8 18.2 0.4 0.4 

RS1 Mar 2011 7.8 609 0.98 0.668 30.0 20.5 9.2 20.8 11.3 0.3 0.4 

GS1 May 2006 7.6 2,370 2.88 2.3 88.2 70.4 27.7 60.5 42.7 0.3 0.4 

GS1 Nov 2009 7.7 2,230 2.11 1.83 64.6 56.0 9.1 55.5 46.9 0.1 0.2 

GS1 May 2010 8 556 1.43 1.35 43.8 41.3 14.5 29.3 26.8 0.3 0.4 

GS1 Nov 2010 7.9 1,080 1.33 1.31 40.7 40.1 28.9 11.8 11.2 0.7 0.7 

GS1 Apr 2011 9.2 425 0.93 0.708 28.5 21.7 11.4 17.1 10.3 0.4 0.5 

MPA = maximum potential acidity. CRS = chromium reducible sulfur.  MPACRS = maximum potential acidity determined using the SCRS value.  

ANC = acid neutralising capacity.  NAPP = net acid producing potential. NAPPCRS = net acid producing potential determined using the SCRS value. 
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3.4.2 Net Acid Generation Test 

Standard single addition NAGpH, and NAG capacity to pH 4.5 (NAGpH4.5) and pH 7.0 (NAGpH7.0) 

results are summarised in Table 3-23.  Also shown are the extended boil NAGpH and NAGorg results.  

The RS1 and GS1 tailings samples tested had NAGpH values ranging from 2.9 to 6.7 and 2.2 to 4.8, 

respectively.  The NAGpH7.0 capacity of the RS1 tailings samples varied between 0.2 to 31.4 kg 

H2SO4/t, and 2.2 to 4.8 kg H2SO4/t for the GS1 tailings samples.  

The extended boil NAGpH ranged from 2.2 to 6.0.  The calculated NAG acidities (<0.1 to 34.4 kg 

H2SO4/t) were less than their corresponding NAGpH7.0 capacity values. 

Table 3-23 Summary of NAG Results for RS1 and GS1 Tailings Samples 

Location 
Deposition 
Time 

NAGpH 

Extended Boil 
NAGpH 

NAGpH 4.5 NAGpH 7.0  NAGorg 

(kg H2SO4/t) 

RS1 ca. 2008 6.7 - <0.1 0.2 - 

RS1 Nov 2010 4.5 - 1.4 13.0 - 

RS1 Dec 2010 3.7 6.0 3.8 16.7 <0.1 

RS1 Jan 2011 2.9 2.5 17.3 31.4 17.8 

RS1 Mar 2011 4.3 2.7 1.0 16.3 12.2 

GS1 May 2006 2.4 2.3 35 39.9 31.4 

GS1 Nov 2009 2.2 2.2 35.5 41.6 34.4 

GS1 May 2010 3.8 2.5 4.8 21.9 18.9 

GS1 Nov 2010 4.5 - 0.8 13.3 - 

GS1 Apr 2011 4.8 - 1.2 19.2 - 

 

3.4.3 Acid Buffering Characteristics Curve 

ABCC tests were conducted on four tailings samples to evaluate the availability of the ANC measured.  

The ABCC profiles are presented in Figure 3-10.  

ABCC profiles for GS1 tailings sample deposited in May 2006, and both RS1 tailings samples 

indicates that about eight to 18 per cent of the total ANC is readily available for acid buffering (to pH 

~4.5) and it will be fast reacting.  The ABCC profile for the remaining GS1 sample (deposited in May 

2010) is slow reacting with about 55 per cent of the total ANC is readily available for acid buffering. 
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Figure 3-10 ABCC Profiles of Selected RS1 and GS1 Tailings Samples 

 

3.4.4 Total Metal Concentrations 

The total metal concentrations in tailings samples compared to the mean upper continental crust 

abundance (Taylor and McLennan 1995) and HIL-E guidelines (NEPC 2009) are shown in Table 3-24.  

The laboratory data is provided in Appendix D.  

The GAI values are presented in Table 3-25.  The tailings samples tested had total metal 

concentrations below, or close to, the corresponding mean upper continental crust abundance, except 

for a number of samples, which showed elemental enrichment.  All GS1 tailings samples tested were 

enriched in Sb (GAI = 1) and As (GAI = 1 to 4), with one sample (deposited in May 2006) also 

enriched in Co (GAI = 3) and Ni (GAI = 3).  The Riverside tailings sample was comparatively less 

enriched in Sb and As. 

Comparison of results to the NEPC HIL-E for soils shows that total metal concentrations in the coarse 

reject samples are three to 364 times less than the guideline values, where such guideline levels exist. 

3.4.5 Metal Leachability 

The mobility of metals in the RS1 and GS1 tailings samples were evaluated by analysing the dissolved 

metal concentrations in the water extracts (solids to deionised water ratio of 1:5).  The results are 

summarised in Table 3-26.  Also shown is the Australian livestock drinking water guideline (ANZECC 

and ARMCANZ 2000).  

The dissolved metal concentrations in the water extract (1:5) solutions are generally orders of 

magnitude below the selected criteria, where guidelines values exist.  However, two GS1 tailings 

samples (deposited on May 2006 and November 2009) also exceed the guideline value for calcium by 

a factor of 2.5 on average. 
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Table 3-24 Summary of Total Metal Concentrations for RS1 and GS1 Tailings Samples 

Element 

NEPC 

Health-
Based 
Investigation 
Levela 

Mean Upper 
Continental 
Crust 
Abundancec 

Deposition Time 

Riverside Goonyella 

ca. 2008 
Nov 

2010 
Dec 

2010 
Jan 

2011 
Mar 

2011 
May 

2006 
Nov 

2009 
May 

2010 
Nov 

2010 
Apr 

2011 

Al (%) -- 8.04 3.36 4.01 4.32 3.69 6.39 6.73 6.38 6.78 6.29 4.73 

Fe (%) -- 3.50 1.15 1 1.04 1.69 4.13 3.77 3.35 4.37 5.78 3.12 

Sb -- 0.2 0.52 0.57 0.56 0.52 0.75 1.19 1.19 0.85 0.88 0.8 

As 200 1.5 2.2 5.4 2.8 5.2 3.3 44.1 31.8 21.9 8.1 7.1 

Cd 40 0.098 0.11 0.12 0.12 0.14 0.21 0.26 0.21 0.17 0.18 0.18 

Cr --b 35 14 21 15 36 17 23 31 37 31 20 

Co  200 10 4.9 6.5 5.2 6.5 4 155.5 26.4 6.6 3.9 5.2 

Cu 2,000 25 32.2 33.4 34.3 37 37.6 40.9 38.2 39.3 33.1 38.6 

Pb 600 20 15.1 14.7 17.1 16.8 21.7 21.6 24.1 20.3 20.1 17.5 

Mn 3,000 600 150 112 164 224 816 336 367 650 1,060 544 

Ni 600 20 11.6 20.4 12.6 25.7 10 279 56.5 25.6 18.4 13.3 

Se -- 50 1 1 <1 1 1 2 1 1 1 1 

Tl -- 0.750 0.25 0.41 0.32 0.38 0.36 1.18 0.97 0.72 0.58 0.45 

Sn -- 5.5 1.8 2.2 2.2 2.2 2.5 2.3 2.6 2.2 2.1 2.1 

U  -- 2.8 1.8 1.9 2.2 2 2.7 2.4 2.6 2.6 2.4 2.2 

V -- 60 58 66 63 68 62 93 75 77 62 58 

Zn 14,000 71 42 50 43 57 73 97 81 61 71 70 

All values in mg/kg, unless otherwise stated.  aNational Environment Protection Council (1999) Health Investigation Levels-E for parks, recreational open space and playing fields.  
bGuideline value for Cr(VI) = 200 mg/kg.  Cr(III) = 24 per cent of total Cr. cTaylor and McLennan (1995). 
#Mean values; “--” means no guideline value.  
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Table 3-25 Geochemical Abundance Indices for RS1 and GS1 Tailings Samples 

Element 

NEPC 

Health-
Based 
Investigation 
Levela 

Mean Upper 
Continental 
Crust 
Abundancec 

Deposition Time 

Riverside Goonyella 

ca. 2008 
Nov 

2010 
Dec 

2010 
Jan 

2011 
Mar 

2011 
May 

2006 
Nov 

2009 
May 

2010 
Nov 

2010 
Apr 

2011 

Al (%) -- 8.04 0 0 0 0 0 0 0 0 0 0 

Fe (%) -- 3.50 0 0 0 0 0 0 0 0 0 0 

Sb -- 0.2 0 0 0 0 1 1 1 1 1 1 

As 200 1.5 0 1 0 1 0 4 3 3 1 1 

Cd 40 0.098 0 0 0 0 0 0 0 0 0 0 

Cr --b 35 0 0 0 0 0 0 0 0 0 0 

Co  200 10 0 0 0 0 0 3 0 0 0 0 

Cu 2,000 25 0 0 0 0 0 0 0 0 0 0 

Pb 600 20 0 0 0 0 0 0 0 0 0 0 

Mn 3,000 600 0 0 0 0 0 0 0 0 0 0 

Ni 600 20 0 0 0 0 0 3 0 0 0 0 

Se -- 50 0 0 0 0 0 0 0 0 0 0 

Tl -- 0.750 0 0 0 0 0 0 0 0 0 0 

Sn -- 5.5 0 0 0 0 0 0 0 0 0 0 

U  -- 2.8 0 0 0 0 0 0 0 0 0 0 

V -- 60 0 0 0 0 0 0 0 0 0 0 

Zn 14,000 71 0 0 0 0 0 0 0 0 0 0 
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Table 3-26 Water-extractable Dissolved Metal Concentrations in RS1 and GS1 Tailings Samples 

 Parameters 
Livestock Drinking 

Watera 
Riverside Goonyella 

ca. 2008 Nov 2010 Dec 2010 Jan 2011 Mar 2011 May 2006 Nov 2009 May 2010 Nov 2010 Apr 2011 
Ca  1,000b 38 139 29 333 103 2792 2218 76 364 14 

Mg 2,000c 41 139 25 121 83 392 548 64 207 9 

SO4
2- 1,000d 1,191 2,472 1,030 1,536 1,205 7,833 8,301 1,012 2,196 363 

Al 5 0.10 <0.01 0.02 0.02 0.03 4.89 0.04 0.02 0.02 0.07 

As 0.5 to 5e <0.001 <0.001 <0.001 <0.001 <0.001 0.009 <0.001 <0.001 <0.001 <0.001 

B  5 0.2 0.2 0.2 0.1 <0.1 <0.1 0.1 0.1 <0.1 0.2 

Cd 0.01 0.0003 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Cr 1 0.005 0.002 0.001 0.002 <0.001 0.003 0.001 <0.001 <0.001 0.002 

Co 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Cu 0.4 to 5f <0.001 <0.001 <0.001 <0.001 0.001 0.004 <0.001 0.002 <0.001 <0.001 

Pb 0.1 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 

Hg 0.002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mo 0.15 0.124 0.002 0.005 0.009 <0.001 0.032 0.004 0.010 0.006 0.009 

Ni 1 <0.001 0.001 <0.001 <0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 

Se 0.02 <0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 <0.01 0.01 

U 0.2 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Zn 20 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

All values in mg/L. aANZECC & ARMCANZ (2000). bStock should tolerate concentration if calcium is the dominant cation and dietary phosphorus levels are adequate.  
cInsufficient information is available to set trigger value; however, concentrations up to 2,000 mg/L have been found to have no adverse effects on cattle.  
dNo adverse effects to stock are expected if the concentration does not exceed 1,000 mg/L.  
eMay be tolerated if not provided as a food additive and natural levels in the diet are low. 
fDependent on livestock species.  
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3.4.6 Sodicity 

The eCEC, ESP and SAR of the RS1 and GS1 tailings samples are presented in Table 3-27.  

The results indicate that the eCEC for the RS1 tailings samples was low to moderate (11.3 to 22.5 

meq/100 g) and moderate to high (12.2 to 36.9 meq/100 g) for GS1 tailings samples.  The ESP 

ranged from 9.7 to 32 per cent for RS1 tailings samples, compared to 2.2 to 19.6 per cent for GS1 

tailings samples.  The SAR values varied from 0.32 to 11.6. 

Table 3-27 Sodicity of Coarse Rejects Samples 

Parameter 

Deposition Time 

Riverside Goonyella 

ca. 
2008 

Nov 
2010 

Dec 
2010 

Jan 
2011 

Mar 
2011 

May 
2006 

Nov 
2009 

May 
2010 

Nov 
2010 

Apr 
2011 

Exchangeable Ca 7.5 9.6 4.4 11.9 4.2 31.1 18.1 5.2 15.5 7.9 

Exchangeable Mg 3.6 5.5 3.4 3.7 4.9 4.8 7 4.4 5.1 2.8 

Exchangeable K 0.2 0.4 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.2 

Exchangeable Na  2.9 7.0 3.8 1.7 1.9 0.8 3.6 2.4 2.2 2.6 

eCEC 14.2 22.5 12 17.6 11.3 36.9 29.1 12.2 23.1 13.6 

ESP (%) 20.7 31 32 9.7 17.2 2.2 12.5 19.6 9.6 19.5 

SAR 6.89 7.4 11.6 1.23 2.72 0.32 1.51 4.21 1.78 10.5 

All values in meq/100 g, unless otherwise stated. eCEC = effective cation exchange capacity.  

ESP = exchangeable sodium percentage. SAR = sodium adsorption ratio. 

3.4.7 Carbon Content 

Carbon speciation analysis was conducted on the RS1 and GS1 tailings samples.  The results are 

shown in Table 3-28.  TOC concentration ranged from 5.80 to 43.6 per cent and is the main carbon 

species in the tailings samples tested, accounting for 79 to 91 per cent of the total carbon content.  

The mean TOC concentration for the RS1 tailings samples was 13.6 per cent, compared to 30.9 per 

cent for the GS1 tailings samples.   

Table 3-28 Carbon Concentrations in RS1 and GS1 Tailings Samples 

Location Deposition Time Total Carbon 
(TC) 

Total Inorganic 
Carbon (TIC) 

Total Organic Carbon (TOC) 

R
iv

er
si

de
 

Nov 2010 48.7 5.10 43.6 

Dec 2010 37.7 3.66 34.0 

Jan 2011 42.4 4.11 38.3 

Mar 2011 37.4 3.87 33.5 

May 2006 21.0 3.38 17.6 

G
oo

ny
el

la
 Nov 2009 14.6 1.50 13.2 

May 2010 12.2 1.11 11.1 

Nov 2010 7.25 1.49 5.76 

Apr 2011 12.5 1.92 10.6 

Nov 2010 31.6 4.31 27.2 

 



Appendix H – Geochemical Characterisation of Overburden and Reject Materials  

42627136 64 

4 

4 
Discussion 

The geochemical test results are discussed in the following sections, evaluating the AMD potential of 

mineral waste samples tested, the potential risks, and implications for environmental and mineral 

waste management.  The results of this study are considered within the context of previous 

geochemical investigations conducted in the area broadly covered by the project. 

4.1 pH (1:5) and EC (1:5) 
The pH and EC of a sample is commonly determined in association with NAPP and/or NAG testing.  

The pH and EC of the mineral waste sample was used to assess the immediate reactivity of sulfides 

and acid neutralising minerals, and the inherent acidity and salinity of the tailings material when 

initially exposed to oxygen.  

The pH (1:5) results were neutral to very strongly alkaline (pH 6.7 to 10.1), indicating a lack of existing 

acidity associated with the mineral waste materials tested (i.e. overburden, coal roof and floor, coarse 

rejects and tailings).  The majority of samples (~78.3 per cent) had pH values greater than 9.0 and 

would be classed as very high according to the Queensland guidelines for the assessment and 

management of acid Drainage (DERM 1995 and 1995a).  About 20.5 per cent of all mineral waste 

samples tested had a pH value between 7.0 and 9.0, with the remaining samples (1.2 per cent) having 

pH values between 5.5 and 7.0.  

The EC (1:5) value for mineral waste materials ranged from 138 to 2,370 μS/cm, with most samples  

(> 95 per cent) classed as very low to medium salinity, which is EC (1:5) < 900 μS/cm according to the 

Queensland guidelines (DERM 1995a).  The remaining samples (four tailings) had a high saline EC 

(1:5) > 900 μS/cm, with two samples (GS1 tailings) exceeding 2,000 μS/cm.  

The pH (1:5) and EC (1:5) results recorded during this study are generally consistent with previous 

studies (AGC Woodward-Clyde 1992; LRS 1993; EGi 1992 and 1993; URS 2004 and 2007).  

The results suggest both coal roof and floor, and overburden materials may initially generate drainage 

with pH values (median pH 9.7 and 9.6, respectively) that may marginally exceed the Australian 

livestock drinking water guidelines (ANZECC and ARMCANZ 2000) and draft water quality guidelines 

for the protection of aquatic ecosystems in the Isaac River catchment, which is in the Fitzroy Basin 

(DERM 2010).  In general, livestock health will not be affected by water with pH in the range of four to 

nine (ANZECC and ARMCANZ 2000).  The lower and upper pH limits for lowland freshwaters in the 

Isaac River catchment is 6.5 to 8.5.  The median pH values for coarse rejects (pH 8.2) and tailings (pH 

8.1) samples did not exceed these guidelines. 

The mineral waste materials test results indicate that the associated water is unlikely to contain 

significant existing salinity.  Although the GS1 tailings (and to lesser extent RS1 tailings) may be 

problematic with regards to the potential generation of localised saline drainage, it should be noted 

that the current EC (1:5) levels are within the salinity range (0 to 7,463 μS/cm) recommended for 

livestock drinking water in Australia (ANZECC and ARMCANZ 2000).  The median EC (1:5) for 

overburden (446 μS/cm), coal roof and floor (382), coarse rejects (250) and tailings (707) samples did 

not exceed the draft water quality guidelines for EC (835 μS/cm) for the protection of aquatic 

ecosystems in the Isaac River catchment (DERM 2010).  
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4.2 Acid Base Accounting 
The ABA evaluates the balance between acid generation processes (oxidation of sulfide minerals) and 

acid neutralising processes (dissolution of carbonates).  In coal waste materials, calcium and 

magnesium bearing carbonates such as calcite, dolomite and ankerite will be the main sources of acid 

buffering.  Calcium and magnesium carbonates are readily reactive and generally buffers the pH to 

above six.  Not all carbonate minerals; however, contribute to neutralisation (iron and manganese 

carbonates do not provide a net buffering capacity).  Other neutralising minerals such as silicates (e.g. 

clays) tend to react slowly or only at low pH values that occur well after the onset of acidic drainage.  

Figure 4-1 is a plot of the total sulfur compared to sulfide-sulfur (SCRS) concentrations for all of the 

mine waste materials tested during this study.  It shows a high degree of correlation between total 

sulfur and SCRS (R2 = 0.9693) with a substantial proportion of the sulfur in these samples (50 to 66 per 

cent) recognised to occur as sulfides.  However, the concentration of sulfide remains low with 

approximately 13.2 per cent of all sulfide concentrations less than 0.01 per cent, and a further 67.5 per 

cent distributed between 0.01 and 0.1 per cent. 

Figure 4-1 Comparison between Total Sulfur and SCRS Concentrations 

 

The limited sulfide concentration present in the mineral waste materials suggest there is minimal 

source of potential acidity that can be generated under natural oxidation processes.  This agrees with 

findings from previous studies for overburden (EGi 1995; EGi 1996; URS 2007), coarse reject (AGC, 

1992; URS 2004), coal roof and floor material (URS,2007) and tailings (AGC 1992).  

The use of the total sulfur assay to estimate the MPA (and hence NAPP) is a conservative approach 

and may overestimate the AMD potential because some sulfur can occur in forms other than pyrite.  

For a higher level of confidence with regards to the MPA of the mineral waste materials, if the sulfide 
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mineral forms are known, then allowance can be made for non- and lesser acid generating sulfur 

forms to provide a better estimate of the MPA (and NAPP). 

Alternatively, the chromium reducible sulfide (i.e. SCRS) concentration could be used to provide a better 

estimate of the MPA.  The SCRS value provides an estimate of the pyritic sulfur content (i.e. FeS2) and 

is not subject to interference from sulfate-sulfur and organic sulfur. For this reason, a second MPA 

value (MPACRS) was calculated for each sample using sulfide-sulfur instead of total S. 

More than 89 per cent of the MPACRS is less than 10 kg H2SO4/t.  The mean MPACRS was highest in 

the tailings samples tested (29.2 kg H2SO4/t) followed by coarse rejects (5.44 kg H2SO4/t), coal roof 

and floor materials (1.25 kg H2SO4/t) and overburden (0.67 kg H2SO4/t).  The mean MPACRS for GS1 

tailings samples was almost four times higher than the mean value for RS1 tailings samples.  

The data indicates there is available ANC present in the mineral waste samples tested, which is 

consistent with results from previous studies (AGC 1992; EGi 1992 and 1993; URS 2004 and 2007).  

Approximately 55 per cent of the mineral waste samples tested had an ANC value ranging from 10 to 

50 kg H2SO4/t, with a further 21 per cent having ANC greater than 50 kg H2SO4/t.  However, the 

coarse reject and tailings samples have little ability to buffer acidity (mean ANC of 7.09 and 14.3 kg 

H2SO4/t, respectively), whereas the moderate mean ANC (20.5 to 56.9 kg H2SO4/t) of the overburden, 

and coal roof and floor samples indicate that the samples do have some acid buffering capacity. 

The ANC data suggests that most of the inherent primary neutralising capacity present in the mineral 

waste has not been exhausted.  Slower reacting neutralising minerals such as the silicates (e.g. clays) 

may provide some long term neutralising capacity, but this process is slow and expected to contribute 

minimally to buffering capacity of the mineral waste to offset any acid generation resulting in the 

oxidation of sulfides. 

The mean NAPPCRS value for overburden, coarse reject, and coal roof and floor materials were 

negative (-56.2, -1.6 and -19.3 kg H2SO4/t, respectively), indicating the samples tested may have 

sufficient ANC to prevent acid generation.  The mean NAPPCRS value for tailings was positive, 

suggesting they may be acid generating.  The GS1 samples have an average NAPPCRS value of 27.6 

kg H2SO4/t compared to 2.17 kg H2SO4/t for the RS1 samples.  

The NAPPCRS value of all the mineral waste samples tested was overwhelmingly (86.8 per cent) less 

than 0 kg H2SO4/t (i.e. negative).  About 4.82 per cent of the mineral waste samples tested were 

distributed from 0 to 10 kg H2SO4/t, with 8.43 per cent over 10 kg H2SO4/t.  The range in NAPPCRS 

values was consistent with the results from previous studies for coarse rejects and tailings (AGC 

1992).  In terms of NAPP values, the results from this study is consistent with the results for 

overburden (EGi 1995 and 1996; URS 2007), coarse rejects (AGC 1992; URS 2007), coal roof and 

floor materials (URS 2007) and tailings (AGC 1992). 

4.3 Net Acid Generation Test 
The NAGpH result is consistent with ABA results for 78 of the 83 samples tested, indicating the 

mineral waste materials tested were mostly non-acid generating.  Any acid generated through 

oxidation was consumed by neutralising components in the samples.  The NAG results for the 

overburden samples tested are consistent with the results from previous investigations (LRS 1993; 

EGi 1995 and 1996).  Since no NAG results are available from earlier studies for coarse rejects, coal 

roof and floor, and tailings; therefore, no direct comparison can be made with the current study. 
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The NAG capacity results (< 0.1 kg H2SO4/t) for all overburden samples tested, apart from one 

sample, indicates that acidity due to free acid (i.e. H2SO4) and the release of iron and aluminium at pH 

< 4.5, and other metallic ions (such as copper and zinc) that precipitate out as hydroxides at pH values 

between 4.5 and 7.0 was negligible. 

Only one of the overburden samples had a positive NAG capacity (10.2 kg H2SO4/t) and this sample 

was a carbonaceous claystone obtained from 241 to 242 metres below surface between the GLS and 

GMS.  The low sulfide content (0.023 per cent) of this sample combined with the relatively high total 

carbon concentration (5.78 per cent) recorded for a composited carbonaceous claystone sample 

(GRM17) suggests that the acidity may be due to organic acids rather than sulfide acidity. 

It should be noted that samples with high organic matter contents (> 5–7 per cent TOC) may interfere 

with the single addition NAG test, due to the reaction of hydrogen peroxide with organic matter to 

produce organic acids (AMIRA 2002; Stewart et al. 2003).  In samples with low sulfide-sulfur (<1 per 

cent), organic matter acidity may give misleadingly low NAGpH values and a false measure of the 

sulfidic acid potential.  The organic acidity produced in the single addition NAG test does not occur 

under normal environmental conditions where atmospheric oxidation occurs.  Therefore, organic 

acidity does not contribute to AMD.  

Generally, some indicators of organic acid effects on the NAG test include a large difference between 

the NAGpH4.5 and NAGpH7.0 values, and NAGpH4.5 values that exceed NAPP and MPA or NAPPCRS and 

MPACRS values.  On this basis, the low NAGpH value of 3.5 obtained for the siltstone coal floor sample 

(Drill Core 43893, 192.12–192.62 metres) and the two RS1 coarse reject samples (ca. 2003 and 

December 2009) are likely to be due to mostly organic acid effects. 

The effects of organic acid generation on NAG test results can be minimised by performing an 

extended boil NAG test.  It involves a combination of extended heating and NAG solution assay steps 

to account for the relative proportions of pyrite acidity and organic acidity in a given NAG solution.  An 

extended boil NAGpH <4.5 is indicative of pyrite acidity.  A calculated NAG value (NAGorg) is 

determined from assays of anions and cations released to the NAG solution.  A calculated NAG value 

of 0 kg H2SO4/t is equivalent to a NAGpH of  pH 4.5 from pyrite alone (i.e. NAF).  

Table 3-16 shows that the NAGpH value increased for three RS1 coarse reject samples (deposited on 

ca. 2003, December 2009 and May 2011) and two GS1 coarse reject samples (deposited in mid-2006 

and ca. 2008) after the extended boiling step, which confirms the effects of organic acids.  The 

calculated NAG value for the three RS1 coarse reject samples ranged from <0.1 to 4.5 kg H2SO4/t 

compared to values of 11 to 83.8 kg H2SO4/t obtained with the standard single addition NAG test.  

This indicates that a substantial amount acid generated in the standard NAG test for these samples is 

due to organic matter.  

The results from extended boil NAG testing of the three coal roof and floor samples (siltstone, shale 

and carbonaceous mudstone/siltstone) suggest there is minimal organic acid interference effect on 

their measured NAG capacity.  

One of the five Riverside tailings surface samples, deposited on December 2010, showed an increase 

in NAGpH from 3.7 to 6.0 after the extended boiling step.  Its corresponding acid potential decreased 

from 16.7 to <0.1 kg H2SO4/t, which suggest all of the acidity measured in the standard single addition 

NAG test for this sample is essentially due to organic matter not pyrite acidity.  The remaining RS1 

tailings samples tested appear to have sufficient ANC (9.20 to 13.3 kg H2SO4/t), which offers some 

buffering against the organic acids produced. 
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In contrast, the NAG test results for Goonyella tailings surface samples showed little difference in 

single addition NAG acidities despite having high organic matter concentrations, suggesting pyrite is 

preferentially oxidised by hydrogen peroxide when present in significant concentrations.  The median 

sulfide-sulfur concentration for GS1 tailings samples was 1.35 per cent, compared to 0.145 per cent 

for RS1 tailings samples.  Stewart et al. (2003) reported that pyrite is preferentially oxidised by the 

hydrogen peroxide rather than the organic matter in the NAG tests for samples containing greater than 

one per cent pyritic sulfur. 

4.4 Acid Buffering Characteristic Curve Test 
The ABCC test provides an indication of the portion of the ANC measured in the mineral waste 

samples that may be readily available for acid neutralisation.  These ABCC profiles were used to 

assess the ANC available to buffer the pH above the threshold value of approximately pH 4.5.  

The sample ABCC profiles can be compared with profiles from carbonate standards to assess the 

relative reactivity of the ANC measured.  Calcite and dolomite readily dissolve in acid and exhibit 

strongly buffered pH curves in the ABCC test, rapidly decreasing once the ANC value is reached.  In 

comparison, siderite provides very poor acid buffering, exhibiting a very steep pH curve in the ABCC 

test.  The acid buffering availability of ferroan dolomite is between siderite and dolomite. 

The ABCC test results were not concurrently presented (by ALS) with profiles of reference standards, 

such as calcite, dolomite and siderite.  However, it is URS’ experience that the ABCC profiles indicate 

that the effectiveness of the total ANC measured in the samples vary from readily available and 

calcitic/dolomitic, to poorly reactive and sideritic.  

The ABCC profile plot (Figure 3-5) for a siltstone coal roof sample (43733_222.83m-223.38m_Roof), 

is an example of a profile that plots close to that of the calcite/dolomite standard, indicating that 

essentially all of the total ANC of 40.1 kg H2SO4/t is likely to be readily available for buffering.  In 

contrast, the ABCC profile (Figure 3-2) for a conglomerate interburden sample (43750_364.9m-

365.24m_IB), resembles a siderite-type standard curve.  This profile indicates that although this 

sample has a moderate to high total ANC of 80.2 kg H2SO4/t, it is expected to provide minimal acid 

buffering.  The ABCC profiles of the other mineral waste samples tested were similar to these two 

examples, plus profiles in between these extremes, indicating partial ANC effectiveness. 

For the majority of the mineral waste samples tested (83 per cent), less than 50 per cent of the total 

ANC measured by standard titration methods was readily available to buffer the pH to above 4.5 

(Table 4-1).  This suggests that a substantial proportion of the measured ANC comprises slow 

reacting silicate minerals, which react only at lower pH values.  

It has been suggested that siderite is a primary cause of overestimation of effective ANC using 

standard titration techniques (Stewart et al. 2006).  Authigenic carbonate minerals are ubiquitous 

throughout the Late Permian coal measures of the Bowen Basin (Uysal et al. 2000).  In the northern 

Bowen Basin, carbonates include siderite, Fe-Mg calcite-ankerite-siderite II mineral association and a 

later calcite assemblage.  The common occurrence of this mineral in coal measures makes this an 

important consideration for coal roof and floor materials, coarse rejects and tailings.  

The ABCC results suggest the ANC value for the mineral waste material tested may overestimate the 

effective buffering available, and thus the effective ANC may need to be evaluated, particularly for coal 

roof and floor materials, coarse rejects and tailings samples, when interpreting NAPP values.  
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Table 4-1 Availability of Acid Neutralising Capacity 

Sample ID Lithology 
ANC  
(kg 

H2SO4/t) 

Available 
ANC  

from ABCC 
Tests at ~pH 

4.5  
(kg H2SO4/t) 

Proportion 
of 

 Available 
ANC (%) 

43723_260.57m-261.14m_IB Siltstone 216 110 51 

43733_127.02m-127.5m_OB 
Carbonaceous 

claystone 
164 32.5 20 

43750_273m-273.5m_OB Sandstone 43.2 14.7 34 

43750_361m-361.5m_IB Sandstone 182 113 62 

43750_364.9m-365.24m_IB Conglomerate 80.2 13.5 17 

43750_404m-404.5m_IB 
Carbonaceous 

claystone 
18.9 5.15 27 

43750_408m-408.43m_IB Claystone 21.6 9.19 43 

43765_228m-228.5m_OB Siltstone 75.9 18.4 24 

43765_389.5m-390m_IB 
Carbonaceous 

siltstone 
24.7 6.74 27 

43765_390.8m-391.36m_IB Sandstone/siltstone 35.8 16.5 46 

43893_315.8m-316.3m_IB Shale 13.6 4.17 31 

43893_324.46m-324.88m_IB Mudstone 11.4 2.94 26 

43723_264.65m-265.15m_Floor Claystone 40.1 4.17 10 

43723_400.2m-400.7m_Floor Siltstone 7.6 2.33 31 

43733_222.83m-223.38m_Roof Siltstone 40.1 94.3 100 

43750_378.5m-379m_Floor Sandstone 116 33.0 28 

43750_417m-417.34m_Roof Sandstone/siltstone 23.4 5.51 24 

43893_336m-336.38m_Floor 
Carbonaceous 

mudstone/siltstone 
13.6 2.45 18 

GS002R GY Rejects May 2011 Coarse reject 15.6 1.96 13 

RV Rejects May 2009 Coarse reject 11.6 1.96 17 

GS1_01_12 Mths Goonyella GS1 tailings 28.9 15.9 55 

GS1_05_5 Yrs Goonyella GS1 tailings 27.7 2.45 9 

GRT_01_March 2011 Riverside RS1 tailings 9.2 1.23 13 

GRT_04_6 Mths Riverside RS1 tailings 10.7 1.96 18 

 

4.5 Mineral Waste Geochemical Classification 
Static geochemical tests were performed to determine the total acid generating and total acid 

neutralising potential of mineral waste samples from the project.  The geochemical tests are static in 

that it determines the chemical status of the tailings sample at one point in time, irrespective of how 

the AMD may develop over time.  
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The NAPP and NAG tests (corrected for TOC where appropriate) were used to predict the potential of 

the mineral waste samples to generate acid.  Individually, the NAPP and NAG tests have limitations; 

however, in combination the reliability of AMD prediction is greatly enhanced.  For this study, the acid 

generating potential of a sample is classified based on the geochemical classification criteria adopted 

by DRET (DITR 2007a) as shown in Table 4-2. 

Table 4-2 Geochemical Classification Criteria based on NAPPCRS and NAGpH test data. 

Geochemical Classification NAPPCRS (kg H2SO4/t)a NAGpH 

Potentially acid forming (PAF) >10 <4.5 

Potentially acid forming – low capacity (PAF-LC) 0 to 10 <4.5 

Non-acid forming (NAF) -100 to <0 ≥4.5 

Acid consuming (AC) <-100 ≥4.5 

Uncertain (UC)b 
>0 ≥4.5 

<0 <4.5 

aNAPPCRS (kg H2SO4/t) = [sulfide-sulfur (%) × 30.6] – [ANC ((kg H2SO4/t)].  
bFurther testing required to confirm material classification. 

 

Figure 4-2 shows a geochemical classification plot of NAGpH versus the NAPPCRS value for the 

mineral waste samples tested.  It suggests that most mineral waste samples, have sufficient ANC that 

can neutralise all the acid that could be theoretically generated by the sample.  

Overall, approximately 86 per cent of all samples tested were NAF or AC, with another six per cent 

classified as PAF, two per cent PAF-LC and six per cent UC.  The geochemical classification does not 

appear to be dependent of lithology (i.e. rock type) or sample depth.  However, all overburden, coarse 

reject, and coal roof and coal floor samples are NAF, while tailings samples are typically PAF. 

Of the five samples classified as UC, two samples (coarse rejects) may be PAF but are expected to be 

low capacity based on NAGorg capacity (<0.1 kg H2SO4/t).  A further two samples (GS1 tailings) are 

expected to be PAF based on the close agreement between NAPPCRS and NAGpH7.0 acid potentials.  

However, the remaining one sample (coal floor) is expected to be NAF based on the low SCRS 

concentration (<0.1 per cent) and a NAGpH4.5 value that exceed the NAPPCRS and MPACRS values, 

indicating the possible effects of organic matter of acid potential. 

Therefore, apart from GS1 tailings samples and to a lesser extent RS1 tailings samples, all other 

mineral waste samples tested are generally not expected to be acid generating.  
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Figure 4-2 Geochemical Classification Plot for Mineral Waste Samples Tested 
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The high ANC value relative to MPACRS (ANC/MPA > 10) suggests that the overburden and coal roof 

and floor samples are considered to have negligible risk of acid generation and a very high factor of 

safety in terms of its potential to generate acid.  Generally, samples with an ANC/MPA ratio of greater 

than two are considered to have low or negligible risk of acid generation and a high probability that the 

material will remain circum-neutral in pH (AMIRA 2002; DITR 2007a).  

The median ANC to MPACRS ratio (0.4 to 1.7) for coarse rejects, and RS1 tailings and GS1 tailings 

samples suggest they have moderate to high risk of acid generation and a low factor of safety in terms 

of its potential to generate acid.  It should be noted that the magnitude of acid generated by coarse 

rejects is small (i.e. PAF-LC). Given that both the coarse rejects and tailings produced over the 

project’s life of mine are expected to comprise about 0.6 per cent of all mined waste (i.e. overburden 

and rejects) at the GRB mine complex operation, their overall contribution to potential environmental 

harm is expected to be small. 

While the NAG and NAPPCRS values (and ANC/MPACRS ratio and ABCC tests) provide an indication of 

the potential for acid generation from a sample, additional test work is required to predict the potential 

for metalliferous or saline drainage.  In view of this, metal leachability tests (in 1:5 deionised water to 

solid extractions) were conducted (see Section 4.7). 
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4.6 Total Metal Concentrations of Mineral Waste Solids 
The total metal concentrations obtained in this study are comparable with results collected to date 

from the broader GRM area for rejects (URS 2007 and 2004; AGC 1992), coal roof and floor (URS 

2007) and overburden (EGi 1995).  

The results indicate limited metal enrichment in the samples tested.  The GAI values for the mineral 

waste samples tested indicate, that apart from As and Sb (and to a lesser extent Cr, Ni, Co, Cu and 

V), there is no substantial metal enrichment relative to the mean upper continental crust abundances. 

The degree of As and Sb enrichment was generally not significant (GAI between 1 to 3), except for a 

number of samples, which showed As enrichment with GAI of 4.  Of the enriched metals, arsenic and 

selenium can be mobilised under oxidising near neutral conditions.  

Generally, samples with a GAI value of three or greater are considered as enrichment to a level that 

warrants further examination to assess their environmental significance (DERM 1995; DITR 2007a).  

The GAI itself does not assess the mobility or reactivity of metals, which can be determined through 

metal leachability tests.  

There are no guidelines and/or regulatory criteria specifically related to total metal concentrations in 

mineral wastes.  To provide some context, the total metal concentrations were compared to the NEPC 

(1999) HILs for land used for parklands and recreational open spaces.  This is considered reasonable 

given that the expected final land use of the mine following closure (i.e. a return to livestock grazing 

and forestry).  

Compared to the NEPC HIL-E criteria for soils, the total metal concentrations in all mineral waste 

samples tested were orders of magnitude less than the guideline values, where such guideline levels 

exist.  Therefore, the materials represented by the coarse reject and tailings samples, composited 

overburden, and both composited coal roof and coal floor samples are not expected to present a 

substantial risk to the environment with respect to beneficial use. 

4.7 Drainage Water Quality 
The drainage water quality (e.g. runoff water from spoil piles or tailings seepage) was assessed by 

evaluating its risk to soil structure degradation and metal leachability. 

The relationship between EC and SAR values can be used to predict soil structural stability in relation 

to irrigation water as shown in Figure 4-3 (adapted from ANZECC and ARMCANZ 2000).  The EC 

(1:5) and SAR values obtained for the mineral waste samples were superimposed on Figure 4-3 to 

evaluate how the predicted drainage water quality will affect soil structure. 

The predicted drainage water quality for overburden, coal roof and coal floor materials, and most 

coarse rejects falls to the left of the stable soil structure line (dashed line).  This suggests that runoff 

water from spoil piles may cause soil structural problems (through clay aggregate breakdown by 

sodium) in receiving soils.  Therefore, corrective management is required to reduce soil dispersion risk 

by preventing or minimising water flow over potentially dispersive materials of spoil dumps, or by 

reducing the SAR by application of lime (or gypsum) to spoil piles.  The use of lime can also be 

beneficial to extend the lag period in the unlikely event of acid generation.  

Tailings seepage is unlikely to cause soil structural problems. 
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Figure 4-3 Relationship between EC (1:5) and SAR 
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The metal leachability results provide an indication of any possible weakly-bound forms of metals that 

are susceptible to release to solution upon initial contact with meteoric water (i.e. rainfall).  The 

dissolved metal concentrations in the water extract (1:5) solutions for overburden, coal roof and coal 

floor materials, coarse reject and tailings samples are generally orders of magnitude below the 

Australian livestock drinking water guidelines (ANZECC and ARMCANZ 2000), where guidelines 

values exist.  This finding is consistent with previous studies for overburden (URS 2007), reject 

samples (URS 2004 and 2007), and coal roof and coal floor samples (URS 2007). 

Comparison with the Australian livestock drinking water guidelines is considered reasonable because 

the project is located in a sparsely populated rural area where surrounding areas have historically, and 

are currently, used for cattle grazing where mining activity is not currently occurring.  The majority of 

the landscape not disturbed by mining activity has previously been cleared and maintained for grazing.  

Therefore, the principle use of surface and groundwater in the region is for stock watering.  

Most tailings water sample extracts tested (90 per cent) exceed the Australian livestock drinking water 

guideline value for sulfate, and two GS1 tailings samples (deposited on May 2006 and November 

2009) also exceed the guideline value for Ca by a factor of 2.5 on average.  

Given the re-use of decant water from the tailings dams in the CHPP, and the semi-arid to arid climate 

of the region, where mean annual evaporation, based on open pan evaporation rates (BOM 2011a), 

exceeds the mean annual rainfall by approximately four times, migration of metal contaminants via 

seepage through the tailings will be limited during operations.  This can be further enhanced by 

evaporative drying by cycling tailings deposition within both the RS1 and GS1 tailings dam.  Hence, 
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the potential risk for drainage, containing potential elevated metal (and sulfate) concentrations, to 

migrate off-site in groundwater is expected to be limited.  

A general comparison between the metal leachability test conditions and mobilisation of metals from 

the surficial zone of the tailings dam by meteoric water is as follows.  First, the solid to liquid ratio 

employed in the metal leachability testing was 1:5 (solid/water).  If the density of the tailings solids is 

1.8 t/m3, then for an mean annual rainfall (based on rainfall data measured at Moranbah from 1972 to 

2011) of 603.5 millimetres (BOM 2011b), the equivalent solid to liquid ratio experienced by the top 67 

millimetres may be taken as 1:5 (solid/water).  Therefore, the metal leachability results generally 

correspond to the efficient leaching of the top 67 millimetres of the RS1 and GS1 tailings dam profile 

by a year's worth of rainfall.  This does not take into account evaporation effects on the effective 

rainfall.  

This comparison, although approximate, places the metal leachability data into a broader perspective 

in terms of potential seepage and runoff water-quality for receiving environments.  It represents a 

worst case scenario in that the metal leachability analysis was completed on continuously agitated 

pulverised sample suspensions. 

It should be noted that solution pH is a primary factor determining the solubility and mobility of many 

trace metals in aquatic environments. Metal mobility is controlled by the solubility of hydrous oxides, 

and shows minimum values at pH ~7 to 10 (Stumm and Morgan 1996).  In this study, the pH (1:5) of 

water extracts from all mineral waste samples tested ranged from 6.7 to 10.1, which was circum-

neutral to very strongly alkaline.  Further dilution effects from meteoric water and natural attenuation 

process are likely occur in the field, and thus it is expected that marginally elevated dissolved metal 

(and sulfate) in run-off and seepage will be further reduced in the field.   

Therefore, runoff and seepage water quality arising from these mineral waste materials is predicted to 

contain low dissolved metal (and sulfate) concentrations.  This combined with the low salinity and 

predominant NAF nature of the mineral waste samples, suggests the materials represented by the 

sample tested is unlikely to generate acid or mobilise metals to cause exceedance of the applied 

water quality guideline criteria. 

4.8 Revegetation and Rehabilitation 
The proposed mining strategy is to dispose all rejects and almost all overburden materials within the 

existing GRB mine complex waste storage facilities.  Suitable overburden materials from mine access 

construction may be used for engineering and construction purposes.  Generally, it is not acceptable 

mining practice to allow rejects to report to final surfaces.  Typically rejects are buried or mixed well 

into the spoil material. 

In terms of plant growth and erosion hazard, the geochemical characteristics that also need to be 

considered during revegetation and rehabilitation works include pH (1:5), EC (1:5), eCEC and ESP.  It 

should be noted that the eCEC and ESP are primarily intended for the analysis of soils rather than 

sedimentary overburden and other mineral waste materials.  However, it does provide some insight 

into the exchangeable cation chemistry and sodicity of the mineral waste materials tested. 

The eCEC is the capacity of a soil material to hold and exchange cations.  It is a major factor 

controlling the stability of soil structure, nutrient availability for plant growth, soil pH and the soil’s 

buffering capacity to changes in soil chemistry.  A low CEC implies that the soil has low resistance to 

changes in soil chemistry that are caused by land use.  
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Sodicity is the concentration of exchangeable sodium adsorbed onto clay mineral surfaces as a 

proportion of the eCEC.  When sodicity is high the clay structures that bind the fine aggregates and 

large particles (sand and silt) break down and disperse when it becomes wet or after applied 

mechanical work such as raindrop impact, irrigation or tillage.  This increases the risk of erosion, 

compaction, surface crusting, low infiltration and hydraulic conductivity, and subsequently can effect 

plant growth.  

The ESP is a direct measure of sodicity.  A soil with an ESP value greater than six per cent is 

considered sodic and has low risk dispersion, whereas an ESP values greater than 12 indicate that a 

material has a higher risk of dispersion (Isbell, 2002).  On this basis, approximately 96 per cent of all 

mineral waste samples tested are considered sodic with a high risk of dispersion (median ESP value 

of 30.8 per cent).  Materials with a high risk of dispersion generally require management strategies to 

ensure that slopes are stabilised against erosion.  The ESP for all coarse reject and tailings samples 

was less than 40 per cent, while the proportion of overburden (55 per cent), and coal roof and floor 

materials (25 per cent) was significantly less. 

The majority (approximately 78.3 per cent) of overburden, coal roof and coal floor, coarse reject and 

tailings samples tested have pH values greater than 9.0, which is regarded as very high and likely to 

have direct effects on plant growth if not appropriately managed (DERM 1995a and 1995b).  The 

optimum pH for native plants depends on the species, but a pH of 5.5 to 7.0 is considered desirable 

for many species (DERM 1995b).  For pasture grass the optimum pH is 6.0 to 7.0. 

The EC (1:5) value for most mineral waste samples (>95 per cent) falls within <150 to 900 µS/cm, 

which is classed as very low to medium salinity according to the Queensland guidelines for the 

assessment and management of acid drainage (DERM 1995a).  High salinity levels in soils may 

reduce availability of water and essential nutrients to plants, which affects germination and growth or, 

in extreme cases, the elimination of crops and native vegetation (ANZECC and ARMCANZ 2000). 

An assessment of the tolerance of pasture plants to salinity in runoff/seepage water, produced by the 

contact of meteoric water with mineral waste samples, is made by calculating the average root zone 

salinity (ECse) from the EC (1:5) values and average root zone leaching fraction for four broad soil 

types (ANZECC and ARMCANZ 2000).  The salt content of the soil water in the plant’s root zone, 

referred to as the average root zone salinity (ECse), is considered the key limitation to plant growth in 

response to salinity and sodicity levels in irrigation water (ANZECC and ARMCANZ 2000).  The 

calculated ECse ranged from one to 3264 µS/cm (mean 440 µS/cm) and generally did not exceed the 

average root zone salinity threshold for 13 common pasture species (such as Cenchrus ciliaris var 

Gayndah, Agropyron elongatum and Chloris gayana).  The only exceptions were for three GS1 tailings 

samples (deposited in November 2010, November 2009 and May 2006) and one RS1 tailings samples 

(deposited November 2010). 

The relatively low salinity and high alkaline pH, combined with the high ESP and predominance of 

sodium in the soil solution suggest the mineral waste samples tested can be classed as non-saline 

sodic materials (DERM 1995a).  These mineral waste materials are predicted to have structural 

stability problems related to potential dispersion.  Therefore, they would not be suitable for use as a 

final cover material without prior treatment or overlain with a stable topsoil layer.  On this basis, all 

rejects materials from the RHM will need to be buried below plant root zones. 

Treatment of the sodic overburden would be required if these are to be used as revegetation media.  

Ideally, sodic and dispersive materials should be identified, selectively handled and placed within the 
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core of the overburden dump away from final surfaces, or returned to voids during mining.  

Alternatively, treatment of the sodic waste materials would be required if these were to be used as an 

additional source of revegetation or growth media.  Materials with sodic/dispersion potential can be 

treated with gypsum (CaSO42H2O) to provide a source of calcium, which can reduce the relative 

quantity of sodium and thus decrease the ESP.   

Direct revegetation on tailings in a semi-arid climate is possible (DITR 2007b) provided suitable 

conditions exist, such as concentrations of plant-available heavy metals low enough to limit  

phytotoxicity and the use of native species that are ecologically adapted to the prevailing climate 

(Tordorf et al. 2000 and references therein).  Alkaline tailings from the Kidston Gold Mine (located 

260 kilometres south-west of Cairns, Queensland) have been proven to support vegetation growth 

directly with the support of drip irrigation over the first few months and initial fertilisation (DITR 2007b).  

Similarly, direct vegetation on Pb/Zn tailings has been successful at Broken Hill, New South Wales, by 

the use of irrigation with sewage sludge (Tordorf et al. 2000 and references therein). 
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5 

5 
Conclusions 

URS has completed a geochemical characterisation program for mineral waste from the project.  

A total of 46 overburden, 19 coal roof and coal floor, 8 coarse rejects and 10 tailings samples have 

been tested for their AMD forming characteristics.  The results from this study are consistent with 

previous investigations and indicate that: 

 The mineral waste materials (except tailings) are likely to have negligible sulfide-sulfur 

concentrations (<0.1 per cent). 

 The overburden, and coal roof and floor materials are expected to have negligible risk of acid 

generation and a very high factor of safety in terms of its potential to generate acid. 

 The Goonyella and Riverside tailings materials are generally expected to have a high risk of acid 

generation and a low factor of safety in terms of its potential to generate acid. 

 The coarse reject materials are expected to have a moderate to high risk with respect to acid 

generation and low to moderate factor of safety with respect to potential acid generation. 

 The majority (86 per cent) of all mineral waste material tested were NAF or AC, with another six per 

cent classified as PAF, two per cent PAF-LC and six per cent UC.  The geochemical classification 

did not appear to be dependent of lithology (i.e. rock type) or sample depth. 

 Generally, all overburden, coarse reject and coal roof and coal floor samples are predominantly 

NAF, while tailings samples are typically PAF. 

 The ANC may overestimate the effective buffering available particularly for coal roof and floor 

materials, coarse rejects and tailings samples. 

 The total metal concentrations in the mineral waste materials are generally not enriched relative to 

the mean upper continental crust abundances, and are within the NEPC (1999) HILs for land used 

for parklands and recreational open spaces. 

 The relatively low salinity and alkaline pH of the mineral waste materials, combined with the high 

ESP and predominance of sodium in the soil solution, suggest they are non-saline sodic materials 

with high risk of dispersion. 

 The runoff and seepage water quality resulting from the contact between the mineral waste 

materials and meteoric water is expected to contain dissolved metal and sulfate concentrations that 

are well below the Australian livestock drinking water guidelines (ANZECC and ARMCANZ 2000). 

 The runoff water from spoil piles may cause soil structural problems (through clay aggregate 

breakdown by sodium) in receiving soils if not properly managed.  Conversely, tailings seepage is 

unlikely to cause soil structure degradation. 

 The risk of the mineral waste materials to cause significant downstream water quality impacts is 

low, and is unlikely to present any environmental issues associated with revegetation and 

rehabilitation in terms of adverse effects on plant growth.  However, the high risk of dispersion will 

require strategies to manage potential erosion hazards. 
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6 

6 
Recommendations 

The ongoing management of mineral waste within the GRB mine complex waste management system 

(overburden, coarse reject and tailings materials) will consider the geochemistry of any additional 

materials with respect to their potential risk to cause environmental harm, and their suitability for 

successful rehabilitation.  

The mineral waste management strategy for the project will focus on:  

 Evaluating the geochemical characteristics of actual reject materials collected from the Red Hill 

CHPP, and in-fill drilling core samples ahead of mining to confirm the NAF nature or delineate any 

PAF materials prior to mining. 

 Strategic placement of mineral waste materials to minimise run-off and erosion. 

Furthermore, the following waste disposal methodologies or activities are recommended to help 

further assess and develop management strategies for mineral waste materials for the project: 

 Ongoing sampling and geochemical testing of overburden, coal roof and coal floor (potential reject) 

materials, and GMS coal samples collected from in-fill drilling core samples ahead of mining, at 

least on an annual basis, to confirm the NAF nature or delineate any PAF materials prior to mining. 

 The bulk overburden materials, generated during the construction of drifts for access and services, 

and main drives for coal longwall access and coal transport, are expected to be NAF and from an 

AMD perspective, no selective handling is required away from coal units. 

 Where the overburden materials have properties suitable for engineering purposes, they can be 

used as bulk fill, road sub-base, construction material for laydown areas, and/or foundations and 

levees, provided suitable surface covering material is applied. 

 Excavated spoil (waste rock material) with properties unsuitable for engineering and construction 

purposes will be placed in designated mineral waste disposal areas at the GRB mine complex 

according to the existing approved overburden management practices.  A small amount of 

overburden typically located near coal seams may be PAF-LC.  Any overburden associated with 

coal units, such as coal ply partings < 30 centimetres in width and some coal roof and floor 

materials, will report with coal to the Red Hill CHPP and will therefore report as coarse reject. 

 All reject materials (i.e. dense medium, coarse and fine rejects, and dewatered tailings) will be 

loaded into trucks and dumped onto the in-pit spoil dumps.  Mixing and compaction will occur as 

appropriate to the properties of the materials to achieve a sustainable final landform.  If marked 

amounts of PAF rejects are encountered, lime dosing of compacted coarse reject layers (one to 

two metres) will be used as a precautionary measure to extend the lag period in the unlikely event 

of acid generation. 

 All reject materials will be mixed via alternating disposal of the reject and spoil material into the in-

pit spoil dumps at the GRB mine complex. 

 Pre-strip weathered spoil materials will be used to cap the reject disposal and dewatered tailings 

areas.  A minimum thickness of two metres of inert cover material will be used, with final thickness 

to be determined based on the material characteristics.  Coarse reject placement will be 

sequenced such that capping of the rejects will be completed progressively as the working face 

progresses down the dip.  Suitable growth media will be placed onto the re-profiled slopes. 

 Given that some coarse reject samples have been classified as PAF-LC in this study, potentially 

contaminated water from ROM coal and product coal stockpiles will be contained to avoid 

interaction with clean waters as a precautionary measure. 

 Geochemical test results indicate that some rejects may be PAF.  BMA will consider lime 

amendment of PAF rejects materials (dewatered) if they generate leachate pH values less than 

5.0. 
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 Spoil dumps may be re-shaped, and will be covered with a suitable growth media and revegetated 

with pasture species for a post-mining land use of grazing, or a combination of native grasses 

supplemented with introduced pasture species in areas where continuous pasture cover is 

necessary for erosion control. 

 No reject material will be placed below the pre-mining groundwater table and all dumps will be 

designed and constructed to be free draining so as to minimise the potential for geotechnical 

instability. 

BMA should undertake ongoing operational geochemical characterisation of mineral waste materials 

in planned disturbance areas of the proposed project ahead of mining to confirm the expected 

geochemical characteristics of these materials. 

Characterisation of reject materials (coarse rejects and dewatered tailings) from the project will also be 

undertaken to verify their expected geochemical nature.  These data will be used to re-evaluate and 

update the management and disposal strategies for reject materials.  

BMA should conduct an ongoing geochemical assessment program that is commensurate with the 

current AMD risk of the mineral wastes: 

 Actual coarse rejects and tailings (dewatered) generated from the project will be assessed on an 

annual basis for the following geochemical parameters: 

– pH (1:5) and EC (1:5); 

– NAPP (including ANC, Total S and CRS); 

– NAG; 

– total Al, As, Cd, Cr, Cu, Co, Pb, Mo, Ni, Se, Sb, U and Zn;  

– dissolved Al, As, Cd, Cr, Cu, Co, Pb, Mo, Ni, Se, Sb, U, V and Zn in 1:5 (solid to liquid) extracts; 

and 

– CEC, sodium absorption ratio (SAR) and ESP. 

 Monitoring of potential drainage/seepage water quality from spoil dumps for pH, EC, sulfate, and 

dissolved Al, Cr, Cu, Fe, Mo, Ni, Se, U, V and Zn. 

 Overburden, potential reject (i.e. coal roof and coal floor materials) and GMS coal samples 

collected from in-fill drill core samples will be assessed on an annual basis for the following 

geochemical parameters: 

– pH (1:5) and EC (1:5); 

– NAPP (including ANC, Total S and CRS); 

– NAG; 

– total Al, As, Cd, Cr, Cu, Co, Pb, Mo, Ni, Se, Sb, U and Zn; 

– dissolved Al, As, Cd, Cr, Cu, Co, Pb, Mo, Ni, Se, Sb, U and Zn in 1:5 (solid to liquid) extracts; 

and 

– CEC, SAR and ESP. 

 BMA will conduct laboratory scale kinetic leach column tests during the mining phase of the project 

to improve predictions on seepage quality and release rates of environmentally important metals. 
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8 
Limitations 

URS Australia Pty Ltd (URS) has prepared this report in accordance with the usual care and 

thoroughness of the consulting profession for the use of BM Alliance Coal Operations Pty Ltd. 

Except as required by law, no third party may use or rely on, this Report unless otherwise agreed by 

URS in writing. Where such agreement is provided, URS will provide a letter of reliance to the agreed 

third party in the form required by URS.  

It is based on generally accepted practices and standards at the time it was prepared. No other 

warranty, expressed or implied, is made as to the professional advice included in this Report.  

It is prepared in accordance with the scope of work and for the purpose outlined in the contract dated 

23 December 2010. 

Where this Report indicates that information has been provided to URS by third parties, URS has 

made no independent verification of this information except as expressly stated in the Report. URS 

assumes no liability for any inaccuracies in or omissions to that information. 

This Report was prepared between 17 March 2012 and 25 September 2013 and is based on the 

conditions encountered and information reviewed at the time of preparation. URS disclaims 

responsibility for any changes that may have occurred after this time. 

This Report should be read in full. No responsibility is accepted for use of any part of this report in any 

other context or for any other purpose. This Report does not purport to give legal advice. Legal advice 

can only be given by qualified legal practitioners. 

To the extent permitted by law, URS expressly disclaims and excludes liability for any loss, damage, 

cost or expenses suffered by any third party relating to or resulting from the use of, or reliance on, any 

information contained in this Report. URS does not admit that any action, liability or claim may exist or 

be available to any third party.   

Except as specifically stated in this section, URS does not authorise the use of this Report by any third 

party. 

It is the responsibility of third parties to independently make inquiries or seek advice in relation to their 

particular requirements and proposed use of the site. 

Any estimates of potential costs which have been provided are presented as estimates only as at the 

date of the Report. Any cost estimates that have been provided may therefore vary from actual costs 

at the time of expenditure. 
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Appendix A Overburden, and Coal Roof and Floor Samples Tested 

 

 



From To

EB1109393-001 43723 43723_209.5m-210m_OB 209.50 210.00 0.50 Overburden Siltstone

EB1109393-002 43723 43723_213.12m-213.98m_OB 213.12 213.98 0.86 Overburden Siltstone

EB1109393-012 43733 43733_121.1m-121.4m_OB 121.10 121.40 0.30 Overburden Siltstone

EB1109393-028 43750 43750_264.51m-265m_OB 264.51 265.00 0.49 Overburden Siltstone

EB1109393-043 43765 43765_228m-228.5m_OB 228.00 228.50 0.50 Overburden Siltstone

EB1109393-053 43893 43893_182m-182.5m_OB 182.00 182.50 0.50 Overburden Siltstone

EB1109393-011 43733 43733_74m-74.5m_OB 74.00 74.50 0.50 Overburden Claystone

EB1109393-013 43733 43733_124.35m-124.71m_OB 124.35 124.71 0.36 Overburden Claystone

EB1109393-014 43733 43733_127.02m-127.5m_OB 127.02 127.50 0.48 Overburden Carbonaceous Claystone GRM03 EB1111587-068

EB1109393-029 43750 43750_273m-273.5m_OB 273.00 273.50 0.50 Overburden Sandstone

EB1109393-052 43893 43893_177.5m-178m_OB 177.50 178.00 0.50 Overburden Sandstone

EB1109393-004 43723 43723_260.57m-261.14m_IB 260.57 261.14 0.57 Interburden Siltstone

EB1109393-031 43750 43750_284.5m-285m_IB 284.50 285.00 0.50 Interburden Siltstone

EB1109393-018 43733 43733_214.5m-215_IB 214.50 215.00 0.50 Interburden Siltstone

EB1109393-019 43733 43733_219.5m-220.04m_IB 219.50 220.04 0.54 Interburden Siltstone

EB1109393-034 43750 43750_366.5m-366.95m_IB 366.50 366.95 0.45 Interburden Siltstone

EB1109393-045 43765 43765_322.5m-323m_IB 322.50 323.00 0.50 Interburden Siltstone

EB1109393-022 43733 43733_239.12m-239.5m_IB 239.12 239.50 0.38 Interburden Siltstone

EB1109393-038 43750 43750_400m-400.5m_IB 400.00 400.50 0.50 Interburden Siltstone

EB1109393-048 43765 43765_385m-385.5m_IB 385.00 385.50 0.50 Interburden Siltstone

EB1109393-061 43893 43893_322.8m-323.3m_IB 322.80 323.30 0.50 Interburden Siltstone

EB1109393-008 43723 43723_377m-377.5m_IB 377.00 377.50 0.50 Interburden Siltstone GRM08 EB1111587-073

EB1109393-056 43893 43893_194m-194.5m_IB 194.00 194.50 0.50 Interburden Sandstone

EB1109393-017 43733 43733_135m-135.38m_IB 135.00 135.38 0.38 Interburden Sandstone

EB1109393-032 43750 43750_361m-361.5m_IB 361.00 361.50 0.50 Interburden Sandstone GRM10 EB1111587-075

EB1109393-024 43733 43733_245.5m-246m_IB 245.50 246.00 0.50 Interburden Sandstone

EB1109393-037 43750 43750_383m-383.5m_IB 383.00 383.50 0.50 Interburden Sandstone

EB1109393-041 43750 43750_414.14m-414.47m_IB 414.14 414.47 0.33 Interburden Sandstone

EB1109393-059 43893 43893_312m-312.5m_IB 312.00 312.50 0.50 Interburden Sandstone GRM12 EB1111587-077

EB1109393-006 43723 43723_372m-372.5m_IB 372.00 372.50 0.50 Interburden Sandstone

EB1109393-009 43723 43723_384m-384.5m_IB 384.00 384.50 0.50 Interburden Sandstone

EB1109393-046 43765 43765_324.6m-325.1m_IB 324.60 325.10 0.50 Interburden Claystone GRM14 EB1111587-079

EB1109393-021 43733 43733_235m-235.43m_IB 235.00 235.43 0.43 Interburden Claystone

EB1109393-040 43750 43750_408m-408.43m_IB 408.00 408.43 0.43 Interburden Claystone

EB1109393-007 43723 43723_375m-375.48m_IB 375.00 375.48 0.48 Interburden Claystone GRM16 EB1111587-081

EB1109393-023 43733 43733_241.5m-241.98m_IB 241.50 241.98 0.48 Interburden Carbonaceous Claystone

EB1109393-025 43733 43733_256m-256.36m_IB 256.00 256.36 0.36 Interburden Carbonaceous Claystone

EB1109393-039 43750 43750_404m-404.5m_IB 404.00 404.50 0.50 Interburden Carbonaceous Claystone

EB1109393-047 43765 43765_337.6m-338.1m_IB 337.60 338.10 0.50 Interburden Carbonaceous Claystone

EB1109393-049 43765 43765_389.5m-390m_IB 389.50 390.00 0.50 Interburden Carbonaceous Siltstone

EB1109393-044 43765 43765_241.5m-242m_IB 241.50 242.00 0.50 Interburden Sandstone/siltstone GRM18. EB1111587-083

EB1109393-033 43750 43750_364.9m-365.24m_IB 364.90 365.24 0.34 Interburden Conglomerate GRM19 EB1111587-084

EB1109393-026 43733 43733_267.2m-267.75m_IB 267.20 267.75 0.55 Interburden Siltstone/claystone/sandstone

EB1109393-050 43765 43765_390.8m-391.36m_IB 390.80 391.36 0.56 Interburden Sandstone/siltstone

EB1109393-060 43893 43893_315.8m-316.3m_IB 315.80 316.30 0.50 Interburden Shale GRM21 EB1111587-086

EB1109393-062 43893 43893_324.46m-324.88m_IB 324.46 324.88 0.42 Interburden Mudstone GRM22 EB1111587-087

EB1109393-015 43733 43733_128.79m-129.29m_Roof 128.79 129.29 0.50 Roof Carbonaceous Claystone GRM23 EB1111587-088

EB1109393-003 43723 43723_217.92m-218.3m_Roof 217.92 218.30 0.38 Roof Siltstone GRM24 EB1111587-089

EB1109393-020 43733 43733_222.83m-223.38m_Roof 222.83 223.38 0.55 Roof Siltstone

EB1109393-035 43750 43750_368.69m-369.08m_Roof 368.69 369.08 0.39 Roof Siltstone

EB1109393-057 43893 43893_299.46m-299.94m_Roof 299.46 299.94 0.48 Roof Shale/Siltstone

EB1109393-042 43750 43750_417m-417.34m_Roof 417.00 417.34 0.34 Roof Sandstone/Siltstone

EB1109393-051 43765 43765_392.3m-392.63m_Roof 392.30 392.63 0.33 Roof Siltstone/Claystone

EB1109393-064 43893 43893_357.09m-357.59m_Roof 357.09 357.59 0.50 Roof Siltstone

EB1109393-054 43893 43893_186.96m-187.37m_Roof 186.96 187.37 0.41 Roof Shale GRM27 EB1111587-092

EB1109393-055 43893 43893_192.12m-192.62m_Floor 192.12 192.62 0.50 Floor Siltstone GRM28 EB1111587-093

EB1109393-010 43723 43723_400.2m-400.7m_Floor 400.20 400.70 0.50 Floor Siltstone

EB1109393-065 43893 43893_363.61m-364.11m_Floor 363.61 364.11 0.50 Floor Siltstone

EB1109393-027 43733 43733_279.66m-280m_Floor 279.66 280.00 0.34 Floor Siltstone

EB1109393-058 43893 43893_307.57m-308.07m_Floor 307.57 308.07 0.50 Floor Shale/Sandstone GRM30 EB1111587-095

EB1109393-036 43750 43750_378.5m-379m_Floor 378.50 379.00 0.50 Floor Sandstone GRM31 EB1111587-096

EB1109393-005 43723 43723_264.65m-265.15m_Floor 264.65 265.15 0.50 Floor Claystone

EB1109393-030 43750 43750_282.2m-282.5m_Floor 282.20 282.50 0.30 Floor Claystone

EB1109393-016 43733 43733_133.5m-134m_Floor 133.50 134.00 0.50 Floor Siltstone GRM33 EB1111587-098

EB1109393-063 43893 43893_336m-336.38m_Floor 336.00 336.38 0.38 Floor Carbonaceous Mudstone/Siltstone GRM34 EB1111587-099

ALS Laboratory ID for 

Composite Samples

EB1111587-090

EB1111587-091

EB1111587-094

EB1111587-097

EB1111587-078

EB1111587-080

EB1111587-082

EB1111587-085

EB1111587-071

EB1111587-072

EB1111587-074

EB1111587-076

EB1111587-066

EB1111587-067

EB1111587-069

EB1111587-070

GRM01

GRM02

GRM13

GRM15

GRM09

GRM11

GRM06

GRM07

GRM17

GRM20

GRM04

GRM05

GRM29

GRM32

GRM25

GRM26

Sample Interval (m)
URS Composite 

Sample Number

ALS Laboratory

Sample ID
Core Hole ID Client Sample Name Sample Type LithologyIntercept (m)
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Appendix B ALS Laboratory Reports—Overburden, and Coal Roof 
and Floor 

 

 

























































































































ANALYSIS REPORT: Created by Leigh Wills - ALS Sydney 2000

DATE COMPLETED:
SAMPLE TYPE:
No. of SAMPLES:

ISSUING LABORATORY: ALS BRISBANE

Address: 32 Shand Street 07 3243 7222

CONTACT: TONY JONG

COMMENTS

EB1111587 - 014 run at 0.1M HCL 0.5mLs incements to achieve a more usable result

EA046 : NATA accreditation does not cover performance of this service.

Signatory

07 3243 7218
 Myles.Clark@alsenviro.comAUSTRALIA E-mail:

Australian Laboratory Services Pty Ltd (ABN 84 009 936 029)

Acid Buffering Characteristic Curve (ABCC) REPORT

Batch: EB1111587

DATE RECEIVED:
   11/05/2011
Brisbane

URS AUSTRALIA PTY LTD (QLD)
14/06/2011

STAFFORD  QLD  4053 Facsimile:

ADDRESS:

LABORATORY:
DATE SAMPLED:CLIENT:

 

ANC and ABCCs were repeated and verified

 

Telephone:

GPO BOX 302
BRISBANE, QLD, AUSTRALIA 4001 20/07/2011

18
Soil



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
4

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.5
Increments: mL 1
Weight (g) 2
ANC kgH2SO4/t 216

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 10.14
1 1 12.25 7.09
2 2 24.5 6.73
3 3 36.75 6.53
4 4 49 6.33
5 5 61.25 6.11
6 6 73.5 5.88
7 7 85.75 5.56
8 8 98 5.08
9 9 110.25 4.55
10 10 122.5 3.81
11 11 134.75 3.05
12 12 147 3.00
13 13 159.25 2.61
14 14 171.5 2.29

URS AUSTRALIA PTY LTD (QLD)

43723_260.57m_261.14m_IB



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
4 Check

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.5
Increments: mL 1
Weight (g) 2
ANC kgH2SO4/t 216

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 10.42
1 1 12.25 7.95
2 2 24.5 6.32
3 3 36.75 6.32
4 4 49 6.25
5 5 61.25 6.10
6 6 73.5 5.79
7 7 85.75 5.57
8 8 98 5.26
9 9 110.25 4.49
10 10 122.5 3.76
11 11 134.75 3.33
12 12 147 3.06
13 13 159.25 2.53
14 14 171.5 2.49
15 15 183.75 2.41
16 16 196 2.35

URS AUSTRALIA PTY LTD (QLD)

43723_260.57m_261.14m_IB



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
5

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.2
Weight (g) 2
ANC kgH2SO4/t 10.1

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.09 36 7.2 17.64 2.57
1 0.2 0.49 7.50 37 7.4 18.13 2.55
2 0.4 0.98 6.64 38 7.6 18.62 2.53
3 0.6 1.47 6.21 39 7.8 19.11 2.51
4 0.8 1.96 5.84 40 8 19.6 2.49
5 1 2.45 5.50 41 8.2 20.09 2.47
6 1.2 2.94 5.22 42 8.4 20.58 2.46
7 1.4 3.43 4.97
8 1.6 3.92 4.73
9 1.8 4.41 4.49
10 2 4.9 4.26
11 2.2 5.39 4.06
12 2.4 5.88 3.89
13 2.6 6.37 3.74
14 2.8 6.86 3.61
15 3 7.35 3.49
16 3.2 7.84 3.40
17 3.4 8.33 3.31
18 3.6 8.82 3.24
19 3.8 9.31 3.18
20 4 9.8 3.12
21 4.2 10.29 3.07
22 4.4 10.78 3.01
23 4.6 11.27 2.97
24 4.8 11.76 2.92
25 5 12.25 2.89
26 5.2 12.74 2.85
27 5.4 13.23 2.81
28 5.6 13.72 2.78
29 5.8 14.21 2.75
30 6 14.7 2.72
31 6.2 15.19 2.70
32 6.4 15.68 2.67
33 6.6 16.17 2.64
34 6.8 16.66 2.62
35 7 17.15 2.60

URS AUSTRALIA PTY LTD (QLD)

43723_264.65m-265.15m_Floor



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
10

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.1
Weight (g) 2
ANC kgH2SO4/t 7.6

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.57 36 3.6 8.82 2.64
1 0.1 0.245 8.23 37 3.7 9.065 2.62
2 0.2 0.49 7.28 38 3.8 9.31 2.60
3 0.3 0.735 6.89 39 3.9 9.555 2.59
4 0.4 0.98 6.56 40 4 9.8 2.57
5 0.5 1.225 6.21 41 4.1 10.045 2.56
6 0.6 1.47 5.81 42 4.2 10.29 2.54
7 0.7 1.715 5.39 43 4.3 10.535 2.53
8 0.8 1.96 4.99 44 4.4 10.78 2.52
9 0.9 2.205 4.60 45 4.5 11.025 2.51
10 1 2.45 4.25 46 4.6 11.27 2.49
11 1.1 2.695 3.98 47 4.7 11.515 2.48
12 1.2 2.94 3.78 48 4.8 11.76 2.47
13 1.3 3.185 3.63
14 1.4 3.43 3.52
15 1.5 3.675 3.42
16 1.6 3.92 3.33
17 1.7 4.165 3.26
18 1.8 4.41 3.20
19 1.9 4.655 3.14
20 2 4.9 3.09
21 2.1 5.145 3.04
22 2.2 5.39 3.00
23 2.3 5.635 2.96
24 2.4 5.88 2.93
25 2.5 6.125 2.90
26 2.6 6.37 2.87
27 2.7 6.615 2.84
28 2.8 6.86 2.81
29 2.9 7.105 2.78
30 3 7.35 2.76
31 3.1 7.595 2.74
32 3.2 7.84 2.71
33 3.3 8.085 2.69
34 3.4 8.33 2.67
35 3.5 8.575 2.65

URS AUSTRALIA PTY LTD (QLD)

43723_400.2m-400.7m_Floor



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
14

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.5
Weight (g) 2
ANC kgH2SO4/t 142

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.23 36 18 44.1 3.53
1 0.5 1.225 8.48 37 18.5 45.325 3.32
2 1 2.45 8.09 38 19 46.55 3.34
3 1.5 3.675 7.93 39 19.5 47.775 3.28
4 2 4.9 7.79 40 20 49 3.12
5 2.5 6.125 7.70 41 20.5 50.225 3.06
6 3 7.35 7.66 42 21 51.45 2.93
7 3.5 8.575 7.61 43 21.5 52.675 2.92
8 4 9.8 7.57 44 22 53.9 2.88
9 4.5 11.025 7.51 45 22.5 55.125 2.85
10 5 12.25 7.48 46 23 56.35 2.82
11 5.5 13.475 7.46 47 23.5 57.575 2.80
12 6 14.7 7.42 48 24 58.8 2.78
13 6.5 15.925 7.38 49 24.5 60.025 2.75
14 7 17.15 7.31 50 25 61.25 2.72
15 7.5 18.375 7.27 51 25.5 62.475 2.70
16 8 19.6 7.37 52 26 63.7 2.68
17 8.5 20.825 7.24 53 26.5 64.925 2.68
18 9 22.05 7.08 54 27 66.15 2.67
19 9.5 23.275 6.79 55 27.5 67.375 2.68
20 10 24.5 6.81 56 28 68.6 2.70
21 10.5 25.725 6.67 57 28.5 69.825 2.69
22 11 26.95 6.32 58 29 71.05 2.68
23 11.5 28.175 5.98 59 29.5 72.275 2.68
24 12 29.4 5.53 60 30 73.5 2.70
25 12.5 30.625 5.01 61 30.5 74.725 2.69
26 13 31.85 4.60 62 31 75.95 2.67
27 13.5 33.075 4.28 63 31.5 77.175 2.65
28 14 34.3 4.01 64 32 78.4 2.63
29 14.5 35.525 3.83 65 32.5 79.625 2.61
30 15 36.75 3.83 66 33 80.85 2.58
31 15.5 37.975 3.65 67 33.5 82.075 2.56
32 16 39.2 3.70 68 34 83.3 2.55
33 16.5 40.425 3.77 69 34.5 84.525 2.53
34 17 41.65 3.64 70 35 85.75 2.51
35 17.5 42.875 3.62 71 35.5 86.975 2.48

URS AUSTRALIA PTY LTD (QLD)

43733_127.02m-127.5m_OB



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
20

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.5
Weight (g) 2
ANC kgH2SO4/t 40.1

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.75 36 18 44.1 5.87
1 0.5 1.225 7.54 37 18.5 45.325 5.85
2 1 2.45 6.87 38 19 46.55 5.84
3 1.5 3.675 6.65 39 19.5 47.775 5.82
4 2 4.9 6.53 40 20 49 5.80
5 2.5 6.125 6.45 41 20.5 50.225 5.79
6 3 7.35 6.39 42 21 51.45 5.77
7 3.5 8.575 6.35 43 21.5 52.675 5.76
8 4 9.8 6.31 44 22 53.9 5.74
9 4.5 11.025 6.27 45 22.5 55.125 5.72
10 5 12.25 6.24 46 23 56.35 5.71
11 5.5 13.475 6.22 47 23.5 57.575 5.69
12 6 14.7 6.19 48 24 58.8 5.67
13 6.5 15.925 6.18 49 24.5 60.025 5.65
14 7 17.15 6.16 50 25 61.25 5.63
15 7.5 18.375 6.14 51 25.5 62.475 5.61
16 8 19.6 6.12 52 26 63.7 5.59
17 8.5 20.825 6.11 53 26.5 64.925 5.57
18 9 22.05 6.09 54 27 66.15 5.55
19 9.5 23.275 6.08 55 27.5 67.375 5.53
20 10 24.5 6.07 56 28 68.6 5.51
21 10.5 25.725 6.05 57 28.5 69.825 5.49
22 11 26.95 6.04 58 29 71.05 5.46
23 11.5 28.175 6.04 59 29.5 72.275 5.43
24 12 29.4 6.02 60 30 73.5 5.42
25 12.5 30.625 6.01 61 30.5 74.725 5.39
26 13 31.85 6.00 62 31 75.95 5.35
27 13.5 33.075 5.99 63 31.5 77.175 5.32
28 14 34.3 5.98 64 32 78.4 5.29
29 14.5 35.525 5.97 65 32.5 79.625 5.26
30 15 36.75 5.95 66 33 80.85 5.22
31 15.5 37.975 5.94 67 33.5 82.075 5.17
32 16 39.2 5.93 68 34 83.3 5.13
33 16.5 40.425 5.92 69 34.5 84.525 5.08
34 17 41.65 5.90 70 35 85.75 5.03
35 17.5 42.875 5.88 71 35.5 86.975 4.97

URS AUSTRALIA PTY LTD (QLD)

43733_222.83m-223.38m_Roof



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
20

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.5
Weight (g) 2
ANC kgH2SO4/t 40.1

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

72 36 88.2 4.91
73 36.5 89.425 4.84
74 37 90.65 4.77
75 37.5 91.875 4.69
76 38 93.1 4.61
77 38.5 94.325 4.51
78 39 95.55 4.39
79 39.5 96.775 4.24
80 40 98 4.05
81 40.5 99.225 3.83
82 41 100.45 3.60
83 41.5 101.675 3.39
84 42 102.9 3.21
85 42.5 104.125 3.06
86 43 105.35 2.94
87 43.5 106.575 2.85
88 44 107.8 2.77
89 44.5 109.025 2.71
90 45 110.25 2.65
91 45.5 111.475 2.60
92 46 112.7 2.55
93 46.5 113.925 2.51
94 47 115.15 2.47
95 47.5 116.375 2.44
96 48 117.6 2.41

URS AUSTRALIA PTY LTD (QLD)

43733_222.83m-223.38m_Roof



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
29

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.5
Weight (g) 2
ANC kgH2SO4/t 43.2

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.73
1 0.5 1.225 7.42
2 1 2.45 6.80
3 1.5 3.675 6.54
4 2 4.9 6.36
5 2.5 6.125 6.21
6 3 7.35 6.07
7 3.5 8.575 5.94
8 4 9.8 5.78
9 4.5 11.025 5.56
10 5 12.25 5.27
11 5.5 13.475 4.95
12 6 14.7 4.59
13 6.5 15.925 4.11
14 7 17.15 3.68
15 7.5 18.375 3.40
16 8 19.6 3.21
17 8.5 20.825 3.08
18 9 22.05 2.98 `
19 9.5 23.275 2.90
20 10 24.5 2.83
21 10.5 25.725 2.77
22 11 26.95 2.72
23 11.5 28.175 2.67
24 12 29.4 2.63
25 12.5 30.625 2.59
26 13 31.85 2.56
27 13.5 33.075 2.52
28 14 34.3 2.49
29 14.5 35.525 2.46
30 15 36.75 2.44
31 15.5 37.975 2.41
32 16 39.2 2.39

URS AUSTRALIA PTY LTD (QLD)

43750_273m-273.5m_OB



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
32

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.5
Increments: mL 0.4
Weight (g) 2
ANC kgH2SO4/t 182

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 10.03 36 14.4 176.4 2.53
1 0.4 4.9 6.45 37 14.8 181.3 2.46
2 0.8 9.8 6.17 38 15.2 186.2 2.41
3 1.2 14.7 6.04 39 15.6 191.1 2.36
4 1.6 19.6 5.95
5 2 24.5 5.88
6 2.4 29.4 5.82
7 2.8 34.3 5.77
8 3.2 39.2 5.72
9 3.6 44.1 5.67
10 4 49 5.62
11 4.4 53.9 5.57
12 4.8 58.8 5.53
13 5.2 63.7 5.47
14 5.6 68.6 5.42
15 6 73.5 5.36
16 6.4 78.4 5.30
17 6.8 83.3 5.22
18 7.2 88.2 5.14
19 7.6 93.1 5.06
20 8 98 4.97
21 8.4 102.9 4.85
22 8.8 107.8 4.69
23 9.2 112.7 4.52
24 9.6 117.6 4.31
25 10 122.5 4.05
26 10.4 127.4 3.79
27 10.8 132.3 3.52
28 11.2 137.2 3.32
29 11.6 142.1 3.18
30 12 147 3.06
31 12.4 151.9 2.95
32 12.8 156.8 2.84
33 13.2 161.7 2.75
34 13.6 166.6 2.66
35 14 171.5 2.60

43750_361m-361.5m_IB

URS AUSTRALIA PTY LTD (QLD)



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
33

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.5
Increments: mL 0.2
Weight (g) 2
ANC kgH2SO4/t 80.2

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.52
1 0.2 2.45 6.31
2 0.4 4.9 5.58
3 0.6 7.35 5.25
4 0.8 9.8 4.97
5 1 12.25 4.67
6 1.2 14.7 4.26
7 1.4 17.15 3.70
8 1.6 19.6 3.18
9 1.8 22.05 2.91
10 2 24.5 2.72
11 2.2 26.95 2.58
12 2.4 29.4 2.48
13 2.6 31.85 2.39

43750_364.9m-365.24m_IB

URS AUSTRALIA PTY LTD (QLD)



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
36

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.5
Increments: mL 0.4
Weight (g) 2
ANC kgH2SO4/t 116

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.87
1 0.4 4.9 6.30
2 0.8 9.8 6.03
3 1.2 14.7 5.87
4 1.6 19.6 5.74
5 2 24.5 5.55
6 2.4 29.4 5.25
7 2.8 34.3 4.65
8 3.2 39.2 3.39
9 3.6 44.1 2.79
10 4 49 2.54
11 4.4 53.9 2.37

43750_378.5m-379m_Floor

URS AUSTRALIA PTY LTD (QLD)



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
39

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.2
Weight (g) 2
ANC kgH2SO4/t 18.9

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.55 36 7.2 17.64 2.73
1 0.2 0.49 7.94 37 7.4 18.13 2.71
2 0.4 0.98 7.10 38 7.6 18.62 2.69
3 0.6 1.47 6.75 39 7.8 19.11 2.66
4 0.8 1.96 6.39 40 8 19.6 2.64
5 1 2.45 6.00 41 8.2 20.09 2.62
6 1.2 2.94 5.57 42 8.4 20.58 2.60
7 1.4 3.43 5.27 43 8.6 21.07 2.58
8 1.6 3.92 5.01 44 8.8 21.56 2.56
9 1.8 4.41 4.81 45 9 22.05 2.55
10 2 4.9 4.62 46 9.2 22.54 2.53
11 2.2 5.39 4.41 47 9.4 23.03 2.51
12 2.4 5.88 4.24 48 9.6 23.52 2.49
13 2.6 6.37 4.08 49 9.8 24.01 2.48
14 2.8 6.86 3.93 50 10 24.5 2.46
15 3 7.35 3.83
16 3.2 7.84 3.72
17 3.4 8.33 3.63
18 3.6 8.82 3.56
19 3.8 9.31 3.48
20 4 9.8 3.42
21 4.2 10.29 3.34
22 4.4 10.78 3.30
23 4.6 11.27 3.25
24 4.8 11.76 3.20
25 5 12.25 3.16
26 5.2 12.74 3.11
27 5.4 13.23 3.07
28 5.6 13.72 3.03
29 5.8 14.21 2.99
30 6 14.7 2.95
31 6.2 15.19 2.91
32 6.4 15.68 2.87
33 6.6 16.17 2.83
34 6.8 16.66 2.80
35 7 17.15 2.76

URS AUSTRALIA PTY LTD (QLD)

43750_404m-404.5m_IB



Work Order : EB1111587Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
40

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.5
Weight (g) 2
ANC kgH2SO4/t 21.6

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.77
1 0.5 1.225 6.90
2 1 2.45 6.07
3 1.5 3.675 5.32
4 2 4.9 5.00
5 2.5 6.125 4.84
6 3 7.35 4.79
7 3.5 8.575 4.63
8 4 9.8 4.26
9 4.5 11.025 3.88
10 5 12.25 3.57
11 5.5 13.475 3.35
12 6 14.7 3.19
13 6.5 15.925 3.06
14 7 17.15 2.96
15 7.5 18.375 2.84
16 8 19.6 2.75
17 8.5 20.825 2.68
18 9 22.05 2.62
19 9.5 23.275 2.57
20 10 24.5 2.52
21 10.5 25.725 2.48
22 11 26.95 2.45
23 11.5 28.175 2.41
24 12 29.4 2.38

URS AUSTRALIA PTY LTD (QLD)

43750_408m-408.43_IB



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
40 Check

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.5
Weight (g) 2
ANC kgH2SO4/t 21.6

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.65
1 0.5 1.225 7.03
2 1 2.45 6.04
3 1.5 3.675 5.37
4 2 4.9 5.00
5 2.5 6.125 4.70
6 3 7.35 4.34
7 3.5 8.575 3.92
8 4 9.8 3.60
9 4.5 11.025 3.39
10 5 12.25 3.25
11 5.5 13.475 3.13
12 6 14.7 3.03
13 6.5 15.925 2.95
14 7 17.15 2.88
15 7.5 18.375 2.82
16 8 19.6 2.77
17 8.5 20.825 2.72
18 9 22.05 2.68
19 9.5 23.275 2.64
20 10 24.5 2.60
21 10.5 25.725 2.57
22 11 26.95 2.54
23 11.5 28.175 2.51
24 12 29.4 2.48

URS AUSTRALIA PTY LTD (QLD)

43750_408m-408.43_IB



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
42

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.5
Weight (g) 2
ANC kgH2SO4/t 23.4

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.54
1 0.5 1.225 6.70
2 1 2.45 5.62
3 1.5 3.675 5.05
4 2 4.9 4.69
5 2.5 6.125 4.24
6 3 7.35 3.70
7 3.5 8.575 3.34
8 4 9.8 3.10
9 4.5 11.025 2.94
10 5 12.25 2.82
11 5.5 13.475 2.72
12 6 14.7 2.65
13 6.5 15.925 2.58
14 7 17.15 2.52
15 7.5 18.375 2.47
16 8 19.6 2.43
17 8.5 20.825 2.39

URS AUSTRALIA PTY LTD (QLD)

43750_417m-417.34m_Roof



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
43

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.5
Increments: mL 0.2
Weight (g) 2
ANC kgH2SO4/t 75.9

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.63
1 0.2 2.45 6.58
2 0.4 4.9 6.18
3 0.6 7.35 5.97
4 0.8 9.8 5.80
5 1 12.25 5.58
6 1.2 14.7 5.21
7 1.4 17.15 4.68
8 1.6 19.6 3.86
9 1.8 22.05 3.24
10 2 24.5 2.94
11 2.2 26.95 2.75
12 2.4 29.4 2.62
13 2.6 31.85 2.52
14 2.8 34.3 2.44
15 3 36.75 2.37

43765_228m-228.5m_OB

URS AUSTRALIA PTY LTD (QLD)



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
49

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.5
Weight (g) 2
ANC kgH2SO4/t 24.7

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.45
1 0.5 1.225 8.67
2 1 2.45 7.88
3 1.5 3.675 6.31
4 2 4.9 5.59
5 2.5 6.125 4.87
6 3 7.35 4.34
7 3.5 8.575 3.80
8 4 9.8 3.33
9 4.5 11.025 3.08
10 5 12.25 2.92
11 5.5 13.475 2.80
12 6 14.7 2.72
13 6.5 15.925 2.64
14 7 17.15 2.57
15 7.5 18.375 2.52
16 8 19.6 2.47
17 8.5 20.825 2.42
18 9 22.05 2.38

43765_389.5m-390m_IB

URS AUSTRALIA PTY LTD (QLD)



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
50

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.5
Weight (g) 2
ANC kgH2SO4/t 35.8

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.68 36 18 44.1 2.52
1 0.5 1.225 7.35 37 18.5 45.325 2.50
2 1 2.45 6.90 38 19 46.55 2.48
3 1.5 3.675 6.71 39 19.5 47.775 2.46
4 2 4.9 6.58 40 20 49 2.45
5 2.5 6.125 6.48
6 3 7.35 6.38
7 3.5 8.575 6.28
8 4 9.8 6.18
9 4.5 11.025 6.06
10 5 12.25 5.90
11 5.5 13.475 5.61
12 6 14.7 5.19
13 6.5 15.925 4.72
14 7 17.15 4.19
15 7.5 18.375 3.77
16 8 19.6 3.47
17 8.5 20.825 3.27
18 9 22.05 3.13
19 9.5 23.275 3.04
20 10 24.5 3.01
21 10.5 25.725 2.94
22 11 26.95 2.88
23 11.5 28.175 2.82
24 12 29.4 2.77
25 12.5 30.625 2.72
26 13 31.85 2.68
27 13.5 33.075 2.65
28 14 34.3 2.62
29 14.5 35.525 2.59
30 15 36.75 2.57
31 15.5 37.975 2.57
32 16 39.2 2.57
33 16.5 40.425 2.55
34 17 41.65 2.55
35 17.5 42.875 2.53

43765_390.8m-391.36m_IB

URS AUSTRALIA PTY LTD (QLD)



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
60

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.2
Weight (g) 2
ANC kgH2SO4/t 13.6

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.57 36 7.2 17.64 2.55
1 0.2 0.49 8.01 37 7.4 18.13 2.53
2 0.4 0.98 7.12 38 7.6 18.62 2.51
3 0.6 1.47 6.63 39 7.8 19.11 2.50
4 0.8 1.96 6.18 40 8 19.6 2.48
5 1 2.45 5.71 41 8.2 20.09 2.46
6 1.2 2.94 5.28
7 1.4 3.43 4.93
8 1.6 3.92 4.62
9 1.8 4.41 4.37
10 2 4.9 4.14
11 2.2 5.39 3.95
12 2.4 5.88 3.79
13 2.6 6.37 3.65
14 2.8 6.86 3.53
15 3 7.35 3.43
16 3.2 7.84 3.34
17 3.4 8.33 3.26
18 3.6 8.82 3.19
19 3.8 9.31 3.13
20 4 9.8 3.07
21 4.2 10.29 3.02
22 4.4 10.78 2.97
23 4.6 11.27 2.93
24 4.8 11.76 2.88
25 5 12.25 2.85
26 5.2 12.74 2.81
27 5.4 13.23 2.78
28 5.6 13.72 2.75
29 5.8 14.21 2.72
30 6 14.7 2.69
31 6.2 15.19 2.66
32 6.4 15.68 2.64
33 6.6 16.17 2.62
34 6.8 16.66 2.60
35 7 17.15 2.57

43893_315.8m-316.3m_IB

URS AUSTRALIA PTY LTD (QLD)



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
62

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.2
Weight (g) 2
ANC kgH2SO4/t 11.4

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.28
1 0.2 0.49 7.25
2 0.4 0.98 6.52
3 0.6 1.47 5.92
4 0.8 1.96 5.40
5 1 2.45 5.00
6 1.2 2.94 4.53
7 1.4 3.43 4.16
8 1.6 3.92 3.89
9 1.8 4.41 3.69
10 2 4.9 3.53
11 2.2 5.39 3.39
12 2.4 5.88 3.29
13 2.6 6.37 3.20
14 2.8 6.86 3.12
15 3 7.35 3.05
16 3.2 7.84 2.99
17 3.4 8.33 2.94
18 3.6 8.82 2.89
19 3.8 9.31 2.84
20 4 9.8 2.80
21 4.2 10.29 2.76
22 4.4 10.78 2.73
23 4.6 11.27 2.70
24 4.8 11.76 2.67
25 5 12.25 2.64
26 5.2 12.74 2.61
27 5.4 13.23 2.58
28 5.6 13.72 2.56
29 5.8 14.21 2.54
30 6 14.7 2.52
31 6.2 15.19 2.50
32 6.4 15.68 2.48
33 6.6 16.17 2.46
34 6.8 16.66 2.44

43893_324.46m-324.88m_IB

URS AUSTRALIA PTY LTD (QLD)



Work Order : EB1111587 Client ID:

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date    11/05/2011

Method Analyte Units LOR
63

EB1111587

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.2
Weight (g) 2
ANC kgH2SO4/t 13.6

EA046 -B - Curve information

Addition

mLs adde
(total)

kg    
H2SO4/t pH Addition

mLs adde
(total)

kg    
H2SO4/t pH

0 0 0 9.30
1 0.2 0.49 7.16
2 0.4 0.98 6.36
3 0.6 1.47 5.70
4 0.8 1.96 4.98
5 1 2.45 4.42
6 1.2 2.94 4.02
7 1.4 3.43 3.76
8 1.6 3.92 3.56
9 1.8 4.41 3.41
10 2 4.9 3.30
11 2.2 5.39 3.20
12 2.4 5.88 3.12
13 2.6 6.37 3.05
14 2.8 6.86 2.99
15 3 7.35 2.94
16 3.2 7.84 2.89
17 3.4 8.33 2.85
18 3.6 8.82 2.81
19 3.8 9.31 2.78
20 4 9.8 2.74
21 4.2 10.29 2.72
22 4.4 10.78 2.69
23 4.6 11.27 2.66
24 4.8 11.76 2.64
25 5 12.25 2.62
26 5.2 12.74 2.60
27 5.4 13.23 2.58
28 5.6 13.72 2.56
29 5.8 14.21 2.54
30 6 14.7 2.52
31 6.2 15.19 2.50
32 6.4 15.68 2.49
33 6.6 16.17 2.47
34 6.8 16.66 2.46

43893_336m-336.38m_Floor

URS AUSTRALIA PTY LTD (QLD)



EB1111587 – 004 (43723_260.57m_261.14m_IB)
Acid Buffering Characteristic Curve

Titrating with 0.5M HCl, in increments of 1.0 mLs every 1000 seconds
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EB1111587 – 005 (43723_264.65m-265.15m_Floor)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.5 mLs every 1000 seconds
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EB1111587 – 010 (43723_400.2m-400.7m_Floor)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.1 mLs every 1000 seconds
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EB1111587 – 014 (43733_127.02m-127.5m_OB)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.5 mLs every 1000 seconds
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EB1111587 – 020 (43733_222.83m-223.38m_Roof )
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.5 mLs every 1000 seconds
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EB1111587 – 029 (43750_273m-273.5m_OB)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.5 mLs every 1000 seconds
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EB1111587 – 032 (43750_361m-361.5m_IB)
Acid Buffering Characteristic Curve

Titrating with 0.5M HCl, in increments of 0.4 mLs every 1000 seconds
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EB1111587 – 033 (43750_364.9m-365.24m_IB)
Acid Buffering Characteristic Curve

Titrating with 0.5M HCl, in increments of 0.2 mLs every 1000 seconds
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EB1111587 – 036 (43750_378.5m-379m_Floor)
Acid Buffering Characteristic Curve

Titrating with 0.5M HCl, in increments of 0.4 mLs every 1000 seconds
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EB1111587 – 039 (43750_404m-404.5m_IB)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.2 mLs every 1000 seconds
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EB1111587 – 040 (43750_408m-408.43_IB)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.5 mLs every 1000 seconds
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EB1111587 – 042 (43750_417m-417.34m_Roof)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.5 mLs every 1000 seconds
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EB1111587 – 043 (43765_228m-228.5m_OB)
Acid Buffering Characteristic Curve

Titrating with 0.5M HCl, in increments of 0.2 mLs every 1000 seconds
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EB1111587 – 049 (43765_389.5m-390m_IB)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.5 mLs every 1000 seconds
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EB1111587 – 050 (43765_390.8m-391.36m_IB)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.5 mLs every 1000 seconds
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EB1111587 – 060 (43893_315.8m-316.3m_IB)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.2 mLs every 1000 seconds
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EB1111587 – 062 (43893_324.46m-324.88m_IB)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.2 mLs every 1000 seconds
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EB1111587 – 063 (43893_336m-336.38m_Floor)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.2 mLs every 1000 seconds
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Appendix H – Geochemical Characterisation of Overburden and Reject Materials  

42627136 

C 

Appendix C ALS Laboratory Reports—Coarse Rejects 

 

 





















Chain-of-Custody Form ALS:  26 Shand St, Stafford  QLD  4053   Ph: 3243 7222 Page 1 of 2

THIS SECTION FOR LAB USE ONLY

Job Code: Level 17, 240 Queen Street  Brisbane  QLD  4000 Rapid turn-around

Contact:  Tony Jong  or  Lawrie Duck Type* PsB PsB PsB PsB PsB PsB PsB PsB PsB PsB PsB

Due Date: Ph:   07 3243 2119  /  0409 130 088
Preservative 

Code none none none none none none none none none none none

Project Name: GRM_EIS Sampler Name:

Comments: Project No: 42626689

Project Manager: Kim Bidle Sampler Contact:

Agreement No.: EN/001/10 Analytes

Quote No.: BN/060/11

Custody seal intact? Released by: Received for Laboratory by:

YES NO                       N/A Lawrie Duck

Sample cold? Date:  Time: Date:

YES NO                       N/A 14/06/2011 17:00

Laboratory ID ALS Code ID Northing (m) Easting (m)) Sample ID Matrix Type Lithology
No of 
bags

EB1110488-001 7594997.00 596847.00 GRM_CR_01_RV Rejects May 2011 Solid Coal reject Coal X X X X X X X X X X

EB1110488-002 7594382.00 597485.00 GRM_CR_02_RV Rejects Dec 2009 Solid Coal reject Coal X X X X X X X X X X

EB1110488-003 7593948.00 597075.00 GRM_CR_03_RV Rejects May 2009 Solid Coal reject Coal X X X X X X X X X X X

EB1110488-004 7594108.00 596969.00 GRM_CR_04_RV Rejects 2003 Solid Coal reject Coal X X X X X X X X X X

EB1110488-005 7589920.00 599597.00 GS001R_GY Rejects 2008 Solid Coal reject Coal X X X X X X X X X X

EB1110488-006 7589479.00 599902.00 GS002R_GY Rejects May 2011 Solid Coal reject Coal X X X X X X X X X X X

EB1110488-007 7589970.00 599875.00 GS003R_GY Rejects Mid 2010 Solid Coal reject Coal X X X X X X X X X X

EB1110488-008 7589755.00 599963.00 GS004R_GY Rejects Mid 2006 Solid Coal reject Coal X X X X X X X X X X

Remarks to Lab:
TOTAL number of 
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0
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NOTE: SAMPLES MAY CONTAIN DANGEROUS AND HAZARDOUS SUBSTANCES.  GLOVES SHOULD BE WORN WHILST 
HANDLING SAMPLES.

* Container Type and Preservative Codes:  P = Neutral Plastic; N = Nitric Acid Preserved; C = Sodium Hydroxide Preserved; J = Solvent Washed Acid Rinsed Jar; S = Solvent Washed Acid Rinsed Glass Bottle; VC = Hydrochloric Acid Preserved Vial; VS = Sulfuric Acid Preserved Vial; BS = Sulfuric Acid Preserved Glass 
Bottle; Z = Zinc Acetate Preserved Bottle; E = EDTA Preserved Bottles; ST = Sterile Bottle; PsB = Neutral Plastic Bag
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Courier Job No.

Analysis as per ALS Quotation BN/060/11 - Phase 2: Part A and Part B (1) - Solids Analysis (NO COMPOSITES)

tony_jong@urscorp.com        lawrie_duck@urscorp.comEmail Results to:

Analysis as per ALS Quotation BN/060/11 - Phase 2: Part A and Part B (1) - Solids Analysis (NO COMPOSITES)

Chain of Custody and Analyses Request Submit samples to:
ALS Environmental       07 3243 
7222
26 Shand St,  Stafford  QLD

FROM: Tony Jong RESULTS REQUIRED:

Time:

Container Identification

URS Australia COC_2_GRM_EIS_Geochem_Coal Rejects_Solids & Leachate_Analysis.xls Page  1 of 2



Chain-of-Custody Form ALS:  26 Shand St, Stafford  QLD  4053   Ph: 3243 7222 Page 2 of 2

THIS SECTION FOR LAB USE ONLY

Job Code: Level 17, 240 Queen Street  Brisbane  QLD  4000 Rapid turn-around

Contact:  Tony Jong  or  Lawrie Duck Type* PsB PsB PsB PsB PsB PsB PsB PsB PsB PsB PsB

Due Date: Ph:   07 3243 2119  /  0409 130 088
Preservative 

Code none none none none none none none none none none none

Project Name: GRM_EIS Sampler Name:

Comments: Project No: 42626689

Project Manager: Kim Bidle Sampler Contact:

Agreement No.: EN/001/10 Analytes

Quote No.: BN/060/11

Custody seal intact? Released by: Received for Laboratory by:

YES NO                       N/A

Sample cold? Date:  Time: Date:

YES NO                       N/A

Laboratory ID ALS Code ID Northing (m) Easting (m)) Sample ID Matrix Type Lithology
No of 

bottles

EB1110488-001 7594997.00 596847.00 GRM_CR_01_RV Rejects May 2011 Liquid (1:5 Leach) Coal reject Coal X X X X X X X X X X

EB1110488-002 7594382.00 597485.00 GRM_CR_02_RV Rejects Dec 2009 Liquid (1:5 Leach) Coal reject Coal X X X X X X X X X X

EB1110488-003 7593948.00 597075.00 GRM_CR_03_RV Rejects May 2009 Liquid (1:5 Leach) Coal reject Coal X X X X X X X X X X

EB1110488-004 7594108.00 596969.00 GRM_CR_04_RV Rejects 2003 Liquid (1:5 Leach) Coal reject Coal X X X X X X X X X X

EB1110488-005 7589920.00 599597.00 GS001R_GY Rejects 2008 Liquid (1:5 Leach) Coal reject Coal X X X X X X X X X X

EB1110488-006 7589479.00 599902.00 GS002R_GY Rejects May 2011 Liquid (1:5 Leach) Coal reject Coal X X X X X X X X X X

EB1110488-007 7589970.00 599875.00 GS003R_GY Rejects Mid 2010 Liquid (1:5 Leach) Coal reject Coal X X X X X X X X X X

EB1110488-008 7589755.00 599963.00 GS004R_GY Rejects Mid 2006 Liquid (1:5 Leach) Coal reject Coal X X X X X X X X X X

Remarks to Lab:
TOTAL number of 

bottles
0

TOTAL 
number of 

each 
analyte

8 8 8 8 8 8 8 8 8 8

Analysis as per ALS Quotation BN/060/11 - Phase 2: Part B (2) - Analysis of 1:5 Leach

Analysis as per ALS Quotation BN/060/11 - Phase 2: Part B (2) - Analysis of 1:5 Leach

Courier Job No. * Container Type and Preservative Codes:  P = Neutral Plastic; N = Nitric Acid Preserved; C = Sodium Hydroxide Preserved; J = Solvent Washed Acid Rinsed Jar; S = Solvent Washed Acid Rinsed Glass Bottle; VC = Hydrochloric Acid Preserved Vial; VS = Sulfuric Acid Preserved Vial; BS = Sulfuric Acid Preserved Glass 
Bottle; Z = Zinc Acetate Preserved Bottle; E = EDTA Preserved Bottles; ST = Sterile Bottle; PsB = Neutral Plastic Bag

Email Results to: tony_jong@urscorp.com        lawrie_duck@urscorp.com
NOTE: SAMPLES MAY CONTAIN DANGEROUS AND HAZARDOUS SUBSTANCES.  GLOVES SHOULD BE WORN WHILST 

HANDLING SAMPLES.

Samples to be produced as per Page 1 of this COC
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FROM: Tony Jong RESULTS REQUIRED: Container Type, Preservative and Analysis
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Chain of Custody and Analyses Request Submit samples to:
ALS Environmental       07 3243 
7222
26 Shand St,  Stafford  QLD
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ANALYSIS REPORT: Created by Leigh Wills - ALS Sydney 2000

DATE COMPLETED:
SAMPLE TYPE:
No. of SAMPLES:

GPO BOX 302
BRISBANE, QLD, AUSTRALIA 4001 

2
Soil

 

Telephone:
STAFFORD  QLD  4053 Facsimile:

ADDRESS:

LABORATORY:
DATE SAMPLED:CLIENT:

 

Acid Buffering Characteristic Curve (ABCC) REPORT

Batch: EB1111539 

DATE RECEIVED:
26/05/2011
Brisbane

URS AUSTRALIA PTY LTD (QLD)
26/05/2011

Signatory

07 3243 7218
 Myles.Clark@alsenviro.comAUSTRALIA E-mail:

Australian Laboratory Services Pty Ltd (ABN 84 009 936 029)

CONTACT: EB1111539

COMMENTS

ISSUING LABORATORY: ALS BRISBANE

Address: 32 Shand Street 07 3243 7222



Work Order : EB1111539 Client ID: URS AUSTRALIA PTY LTD (QLD)

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date 26/05/2011

Method Analyte Units LOR
3

EB1111539 

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.2
Weight (g) 2
ANC kgH2SO4/t 11.6

EA046 -B - Curve information

Addition
mLs adde

(total)
kg    

H2SO4/t pH Addition
mLs adde

(total)
kg    

H2SO4/t pH
0 0 0 7.87
1 0.2 0.49 5.72
2 0.4 0.98 5.05
3 0.6 1.47 4.50
4 0.8 1.96 4.05
5 1 2.45 3.75
6 1.2 2.94 3.55
7 1.4 3.43 3.42
8 1.6 3.92 3.32
9 1.8 4.41 3.22
10 2 4.9 3.13
11 2.2 5.39 3.04
12 2.4 5.88 2.97
13 2.6 6.37 2.91
14 2.8 6.86 2.86
15 3 7.35 2.81
16 3.2 7.84 2.76
17 3.4 8.33 2.72
18 3.6 8.82 2.69
19 3.8 9.31 2.65
20 4 9.8 2.62
21 4.2 10.29 2.59
22 4.4 10.78 2.57
23 4.6 11.27 2.54
24 4.8 11.76 2.51
25 5 12.25 2.49
26 5.2 12.74 2.47
27 5.4 13.23 2.45

RV Rejects May 2009



Work Order : EB1111539 Client ID: URS AUSTRALIA PTY LTD (QLD)

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date 26/05/2011

Method Analyte Units LOR
3 Check

EB1111539 

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.2
Weight (g) 2
ANC kgH2SO4/t 11.6

EA046 -B - Curve information

Addition
mLs adde

(total) kg    
H2SO4/t pH Addition

mLs adde
(total) kg    

H2SO4/t pH
0 0 0 7.34
1 0.2 0.49 5.64
2 0.4 0.98 4.77
3 0.6 1.47 4.03
4 0.8 1.96 3.62
5 1 2.45 3.39
6 1.2 2.94 3.23
7 1.4 3.43 3.10
8 1.6 3.92 3.01
9 1.8 4.41 2.93
10 2 4.9 2.87
11 2.2 5.39 2.82
12 2.4 5.88 2.77
13 2.6 6.37 2.73
14 2.8 6.86 2.68
15 3 7.35 2.65
16 3.2 7.84 2.61
17 3.4 8.33 2.59
18 3.6 8.82 2.56
19 3.8 9.31 2.54
20 4 9.8 2.51
21 4.2 10.29 2.49
22 4.4 10.78 2.46
23 4.6 11.27 2.45
24 4.8 11.76 2.43
25 5 12.25 2.41
26 5.2 12.74 2.40

RV Rejects May 2009



Work Order : EB1111539 Client ID: URS AUSTRALIA PTY LTD (QLD)

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2
Sample Date 26/05/2011

Method Analyte Units LOR
6

EB1111539 

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.2
Weight (g) 2
ANC kgH2SO4/t 15.6

EA046 -B - Curve information

Addition
mLs adde

(total) kg    
H2SO4/t pH Addition

mLs adde
(total) kg    

H2SO4/t pH
0 0 0 8.7 36 7 17.15 2.5
1 0.2 0.49 6.51 37 7.2 17.64 2.49
2 0.4 0.98 5.57 38 7.4 18.13 2.48
3 0.6 1.47 4.97 39 7.6 18.62 2.47
4 0.8 1.96 4.49
5 1 2.45 4.1
6 1.2 2.94 3.85
7 1.4 3.43 3.69
8 1.6 3.92 3.56
9 1.8 4.41 3.43
10 2 4.9 3.33
11 2.2 5.39 3.23
12 2.4 5.88 3.14
13 2.6 6.37 3.08
14 2.8 6.86 3.02
15 3 7.35 2.97
16 3.2 7.84 2.93
17 3.4 8.33 2.89
18 3.6 8.82 2.85
19 3.8 9.31 2.83
20 4 9.8 2.8
21 4.2 10.29 2.78
22 4.4 10.78 2.76
23 4.6 11.27 2.73
24 4.8 11.76 2.71
25 5 12.25 2.68
26 5.2 12.74 2.66
27 5.4 13.23 2.64
28 5.6 13.72 2.61
29 5.8 14.21 2.59
30 5.8 14.21 2.58
31 6 14.7 2.56
32 6.2 15.19 2.55
33 6.4 15.68 2.53
34 6.6 16.17 2.52
35 6.8 16.66 2.5

GS002R GY Rejects May 2011



EB1111539 - 003 (RV Rejects May 2009)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.2 mLs every 1000 seconds
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EB1111539 - 006 (GS002R GY Rejects May 2011)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.2 mLs every 1000 seconds
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Chain-of-Custody Form ALS:  26 Shand St, Stafford  QLD  4053   Ph: 3243 7222 Page 1 of 2

THIS SECTION FOR LAB USE ONLY

Job Code: Level 17, 240 Queen Street  Brisbane  QLD  4000 Rapid turn-around

Contact:  Tony Jong  or  Lawrie Duck Type* PsB PsB PsB PsB PsB PsB PsB PsB PsB PsB PsB

Due Date: Ph:   07 3243 2119  /  0409 130 088
Preservative 

Code none none none none none none none none none none none

Project Name: GRM_EIS Sampler Name:

Comments: Project No: 42626689

Project Manager: Kim Bidle Sampler Contact:

Agreement No.: EN/001/10 Analytes

Quote No.: BN/060/11

Custody seal intact? Released by: Received for Laboratory by:

YES NO                       N/A Lawrie Duck

Sample cold? Date:  Time: Date:

YES NO                       N/A 14/06/2011 17:00

Laboratory ID ALS Code ID Northing (m) Easting (m)) Sample ID Matrix Type Lithology
No of 
bags

EB1110489-001 7588322.00 597856.00 GS1_01_12 Mths Goonyella tailings Solid Tailings Coal Waste X X X X X X X X X X

EB1110489-002 7589035.00 59766.00 GS1_02_6 Mths Goonyella tailings Solid Tailings Coal Waste X X X X X X X X X X X

EB1110489-003 7588585.00 597292.00 GS1_03_Recent Goonyella tailings Solid Tailings Coal Waste X X X X X X X X X X

EB1110489-004 7587459.00 597273.00 GS1_04_2.5 Yrs Goonyella tailings Solid Tailings Coal Waste X X X X X X X X X X

EB1110489-005 7587469.00 598377.00 GS1_05_5 Yrs Goonyella tailings Solid Tailings Coal Waste X X X X X X X X X X X

EB1110489-006 7595270.00 598304.00 GRT_01_March 2011 Riverside Tailings Solid Tailings Coal Waste X X X X X X X X X X X

EB1110489-007 7594124.00 597637.00 GRT_02_End 2010 Riverside Tailings Solid Tailings Coal Waste X X X X X X X X X X

EB1110489-008 7594196.00 597579.00 GRT_03_2008 Riverside Tailings Solid Tailings Coal Waste X X X X X X X X X X

EB1110489-009 7594195.00 598286.00 GRT_04_6 Mths Riverside Tailings Solid Tailings Coal Waste X X X X X X X X X X X

EB1110489-010 7594845.00 598298.00 GRT_05_4 Mths Riverside Tailings Solid Tailings Coal Waste X X X X X X X X X X

Remarks to Lab:
TOTAL number of 

bags
0

TOTAL 
number of 

each 
analyte

10 10 10 4 10 10 10 10 10 10 10

Analysis as per ALS Quotation BN/060/11 - Phase 2: Part A and Part B (1) - Solids Analysis (NO COMPOSITES)

Chain of Custody and Analyses Request Submit samples to:
ALS Environmental       07 3243 
7222
26 Shand St,  Stafford  QLD

FROM: Tony Jong RESULTS REQUIRED:

Time:

Container Identification

Courier Job No.

Analysis as per ALS Quotation BN/060/11 - Phase 2: Part A and Part B (1) - Solids Analysis (NO COMPOSITES)

tony_jong@urscorp.com        lawrie_duck@urscorp.comEmail Results to:

Container Type, Preservative and Analysis
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NOTE: SAMPLES MAY CONTAIN DANGEROUS AND HAZARDOUS SUBSTANCES.  GLOVES SHOULD BE WORN WHILST 
HANDLING SAMPLES.

* Container Type and Preservative Codes:  P = Neutral Plastic; N = Nitric Acid Preserved; C = Sodium Hydroxide Preserved; J = Solvent Washed Acid Rinsed Jar; S = Solvent Washed Acid Rinsed Glass Bottle; VC = Hydrochloric Acid Preserved Vial; VS = Sulfuric Acid Preserved Vial; BS = Sulfuric Acid Preserved Glass 
Bottle; Z = Zinc Acetate Preserved Bottle; E = EDTA Preserved Bottles; ST = Sterile Bottle; PsB = Neutral Plastic Bag
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Samples at ALS - previously analysed as EB1110489
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Chain-of-Custody Form ALS:  26 Shand St, Stafford  QLD  4053   Ph: 3243 7222 Page 2 of 2

THIS SECTION FOR LAB USE ONLY

Job Code: Level 17, 240 Queen Street  Brisbane  QLD  4000 Rapid turn-around

Contact:  Tony Jong  or  Lawrie Duck Type* PsB PsB PsB PsB PsB PsB PsB PsB PsB PsB PsB

Due Date: Ph:   07 3243 2119  /  0409 130 088
Preservative 

Code none none none none none none none none none none none

Project Name: GRM_EIS Sampler Name:

Comments: Project No: 42626689

Project Manager: Kim Bidle Sampler Contact:

Agreement No.: EN/001/10 Analytes

Quote No.: BN/060/11

Custody seal intact? Released by: Received for Laboratory by:

YES NO                       N/A

Sample cold? Date:  Time: Date:

YES NO                       N/A

Laboratory ID ALS Code ID Northing (m) Easting (m)) Sample ID Matrix Type Lithology
No of 

bottles

EB1110489-001 7588322.00 597856.00 GS1_01_12 Mths Goonyella tailings Liquid (1:5 Leach) Tailings Coal Waste X X X X X X X X X X

EB1110489-002 7589035.00 59766.00 GS1_02_6 Mths Goonyella tailings Liquid (1:5 Leach) Tailings Coal Waste X X X X X X X X X X

EB1110489-003 7588585.00 597292.00 GS1_03_Recent Goonyella tailings Liquid (1:5 Leach) Tailings Coal Waste X X X X X X X X X X

EB1110489-004 7587459.00 597273.00 GS1_04_2.5 Yrs Goonyella tailings Liquid (1:5 Leach) Tailings Coal Waste X X X X X X X X X X

EB1110489-005 7587469.00 598377.00 GS1_05_5 Yrs Goonyella tailings Liquid (1:5 Leach) Tailings Coal Waste X X X X X X X X X X

EB1110489-006 7595270.00 598304.00 GRT_01_March 2011 Riverside Tailings Liquid (1:5 Leach) Tailings Coal Waste X X X X X X X X X X

EB1110489-007 7594124.00 597637.00 GRT_02_End 2010 Riverside Tailings Liquid (1:5 Leach) Tailings Coal Waste X X X X X X X X X X

EB1110489-008 7594196.00 597579.00 GRT_03_2008 Riverside Tailings Liquid (1:5 Leach) Tailings Coal Waste X X X X X X X X X X

EB1110489-009 7594195.00 598286.00 GRT_04_6 Mths Riverside Tailings Liquid (1:5 Leach) Tailings Coal Waste X X X X X X X X X X

EB1110489-010 7594845.00 598298.00 GRT_05_4 Mths Riverside Tailings Liquid (1:5 Leach) Tailings Coal Waste X X X X X X X X X X

Remarks to Lab:
TOTAL number of 

bottles
0

TOTAL 
number of 

each 
analyte

10 10 10 10 10 10 10 10 10 10

Chain of Custody and Analyses Request Submit samples to:
ALS Environmental       07 3243 
7222
26 Shand St,  Stafford  QLD
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FROM: Tony Jong RESULTS REQUIRED: Container Type, Preservative and Analysis
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Samples to be produced as per Page 1 of this COC

Time:

Analysis as per ALS Quotation BN/060/11 - Phase 2: Part B (2) - Analysis of 1:5 Leach

Analysis as per ALS Quotation BN/060/11 - Phase 2: Part B (2) - Analysis of 1:5 Leach

Courier Job No. * Container Type and Preservative Codes:  P = Neutral Plastic; N = Nitric Acid Preserved; C = Sodium Hydroxide Preserved; J = Solvent Washed Acid Rinsed Jar; S = Solvent Washed Acid Rinsed Glass Bottle; VC = Hydrochloric Acid Preserved Vial; VS = Sulfuric Acid Preserved Vial; BS = Sulfuric Acid Preserved Glass 
Bottle; Z = Zinc Acetate Preserved Bottle; E = EDTA Preserved Bottles; ST = Sterile Bottle; PsB = Neutral Plastic Bag

Email Results to: tony_jong@urscorp.com        lawrie_duck@urscorp.com
NOTE: SAMPLES MAY CONTAIN DANGEROUS AND HAZARDOUS SUBSTANCES.  GLOVES SHOULD BE WORN WHILST 

HANDLING SAMPLES.
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ANALYSIS REPORT: Created by Leigh Wills - ALS Sydney 2000

DATE COMPLETED:
SAMPLE TYPE:
No. of SAMPLES:

GPO BOX 302
BRISBANE, QLD, AUSTRALIA 4001 5/06/2011

4
Soil

 

Telephone:
STAFFORD  QLD  4053 Facsimile:

ADDRESS:

LABORATORY:
DATE SAMPLED:CLIENT:

 

Acid Buffering Characteristic Curve (ABCC) REPORT

Batch: EB1111542

DATE RECEIVED:
26/05/2011
Brisbane

URS AUSTRALIA PTY LTD (QLD)
14/06/2011

Signatory

07 3243 7218
 Myles.Clark@alsenviro.comAUSTRALIA E-mail:

Australian Laboratory Services Pty Ltd (ABN 84 009 936 029)

CONTACT: TONY JONG

COMMENTS

ISSUING LABORATORY: ALS BRISBANE

Address: 32 Shand Street 07 3243 7222



Work Order : EB1111542 Client ID: URS AUSTRALIA PTY LTD (QLD)

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2 tailings
Sample Date 26/05/2011

Method Analyte Units LOR
2

EB1111542

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.5
Weight (g) 2
ANC kgH2SO4/t 28.9

EA046 -B - Curve information

Addition
mLs adde

(total)
kg    

H2SO4/t pH Addition
mLs adde

(total)
kg    

H2SO4/t pH
0 0 0 8.53
1 0.5 1.225 6.82
2 1 2.45 6.30
3 1.5 3.675 6.00
4 2 4.9 5.79
5 2.5 6.125 5.59
6 3 7.35 5.45
7 3.5 8.575 5.30
8 4 9.8 5.14
9 4.5 11.025 5.00
10 5 12.25 4.87
11 5.5 13.475 4.75
12 6 14.7 4.64
13 6.5 15.925 4.51
14 7 17.15 4.36
15 7.5 18.375 4.17
16 8 19.6 3.96
17 8.5 20.825 3.73
18 9 22.05 3.53
19 9.5 23.275 3.35
20 10 24.5 3.19
21 10.5 25.725 3.05
22 11 26.95 2.94
23 11.5 28.175 2.84
24 12 29.4 2.76
25 12.5 30.625 2.68
26 13 31.85 2.62
27 13.5 33.075 2.56
28 14 34.3 2.51
29 14.5 35.525 2.47
30 15 36.75 2.43
31 15.5 37.975 2.39

GS1_01_12 Mths Goonyella



Work Order : EB1111542 Client ID: URS AUSTRALIA PTY LTD (QLD)

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2 tailings
Sample Date 26/05/2011

Method Analyte Units LOR
2 Check

EB1111542

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.5
Weight (g) 2
ANC kgH2SO4/t 28.9

EA046 -B - Curve information

Addition
mLs adde

(total) kg    
H2SO4/t pH Addition

mLs adde
(total) kg    

H2SO4/t pH
0 0 0 8.43
1 0.5 1.225 6.62
2 1 2.45 6.13
3 1.5 3.675 5.9
4 2 4.9 5.59
5 2.5 6.125 5.39
6 3 7.35 5.4
7 3.5 8.575 5.23
8 4 9.8 5.04
9 4.5 11.025 5
10 5 12.25 4.87
11 5.5 13.475 4.75
12 6 14.7 4.64
13 6.5 15.925 4.51
14 7 17.15 4.37
15 7.5 18.375 4.14
16 8 19.6 3.82
17 8.5 20.825 3.72
18 9 22.05 3.58
19 9.5 23.275 3.23
20 10 24.5 3.12
21 10.5 25.725 3.00
22 11 26.95 2.87
23 11.5 28.175 2.67
24 12 29.4 2.63
25 12.5 30.625 2.59
26 13 31.85 2.56
27 13.5 33.075 2.52
28 14 34.3 2.49
29 14.5 35.525 2.46
30 15 36.75 2.44
31 15.5 37.975 2.41
32 16 39.2 2.39

GS1_01_12 Mths Goonyella



Work Order : EB1111542 Client ID: URS AUSTRALIA PTY LTD (QLD)

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2 tailings
Sample Date 26/05/2011

Method Analyte Units LOR
5

EB1111542

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.5
Weight (g) 2
ANC kgH2SO4/t 27.7

EA046 -B - Curve information

Addition
mLs adde

(total) kg    
H2SO4/t pH Addition

mLs adde
(total) kg    

H2SO4/t pH
0 0 0 7.01
1 0.5 1.225 5.19
2 1 2.45 4.35
3 1.5 3.675 3.85
4 2 4.9 3.56
5 2.5 6.125 3.38
6 3 7.35 3.24
7 3.5 8.575 3.13
8 4 9.8 3.04
9 4.5 11.025 2.96
10 5 12.25 2.88
11 5.5 13.475 2.82
12 6 14.7 2.75
13 6.5 15.925 2.70
14 7 17.15 2.65
15 7.5 18.375 2.61
16 8 19.6 2.56
17 8.5 20.825 2.52
18 9 22.05 2.48
19 9.5 23.275 2.44
20 10 24.5 2.40
21 10.5 25.725 2.37

GS1_05_5 Yrs Goonyella



Work Order : EB1111542 Client ID: URS AUSTRALIA PTY LTD (QLD)

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2 tailings
Sample Date 26/05/2011

Method Analyte Units LOR
6

EB1111542

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.1
Weight (g) 2
ANC kgH2SO4/t 9.2

EA046 -B - Curve information

Addition
mLs adde

(total) kg    
H2SO4/t pH Addition

mLs adde
(total) kg    

H2SO4/t pH
0 0 0 6.92 36 3.6 8.82 2.82
1 0.1 0.245 5.79 37 3.7 9.065 2.80
2 0.2 0.49 5.32 38 3.8 9.31 2.78
3 0.3 0.735 5.02 39 3.9 9.555 2.76
4 0.4 0.98 4.79 40 4 9.8 2.74
5 0.5 1.225 4.54 41 4.1 10.045 2.73
6 0.6 1.47 4.36 42 4.2 10.29 2.71
7 0.7 1.715 4.19 43 4.3 10.535 2.69
8 0.8 1.96 4.05 44 4.4 10.78 2.68
9 0.9 2.205 3.95 45 4.5 11.025 2.66
10 1 2.45 3.84 46 4.6 11.27 2.64
11 1.1 2.695 3.75 47 4.7 11.515 2.63
12 1.2 2.94 3.66 48 4.8 11.76 2.62
13 1.3 3.185 3.59 49 4.9 12.005 2.60
14 1.4 3.43 3.53 50 5 12.25 2.59
15 1.5 3.675 3.48 51 5.1 12.495 2.57
16 1.6 3.92 3.43 52 5.2 12.74 2.56
17 1.7 4.165 3.38 53 5.3 12.985 2.55
18 1.8 4.41 3.33 54 5.4 13.23 2.54
19 1.9 4.655 3.29 55 5.5 13.475 2.52
20 2 4.9 3.24 56 5.6 13.72 2.51
21 2.1 5.145 3.21 57 5.7 13.965 2.50
22 2.2 5.39 3.18 58 5.8 14.21 2.49
23 2.3 5.635 3.14 59 5.9 14.455 2.48
24 2.4 5.88 3.11 60 6 14.7 2.47
25 2.5 6.125 3.08
26 2.6 6.37 3.05
27 2.7 6.615 3.02
28 2.8 6.86 3.00
29 2.9 7.105 2.97
30 3 7.35 2.95
31 3.1 7.595 2.93
32 3.2 7.84 2.90
33 3.3 8.085 2.88
34 3.4 8.33 2.86
35 3.5 8.575 2.84

GRT_01_March 2011 Riv erside



Work Order : EB1111542 Client ID: URS AUSTRALIA PTY LTD (QLD)

Sub Matrix Soil
Client Sample Identif ication 1
Client Sample Identif ication 2 tailings
Sample Date 26/05/2011

Method Analyte Units LOR
9

EB1111542

EA046 - A Titration information
HCl Molarity: M 0.1
Increments: mL 0.2
Weight (g) 2
ANC kgH2SO4/t 10.7

EA046 -B - Curve information

Addition
mLs adde

(total) kg    
H2SO4/t pH Addition

mLs adde
(total) kg    

H2SO4/t pH
0 0 0 8.29 36 7.2 17.64 2.45
1 0.2 0.49 6.70
2 0.4 0.98 5.43
3 0.6 1.47 4.82
4 0.8 1.96 4.41
5 1 2.45 4.17
6 1.2 2.94 3.94
7 1.4 3.43 3.76
8 1.6 3.92 3.63
9 1.8 4.41 3.49
10 2 4.9 3.38
11 2.2 5.39 3.29
12 2.4 5.88 3.20
13 2.6 6.37 3.14
14 2.8 6.86 3.08
15 3 7.35 3.02
16 3.2 7.84 2.97
17 3.4 8.33 2.93
18 3.6 8.82 2.89
19 3.8 9.31 2.85
20 4 9.8 2.82
21 4.2 10.29 2.79
22 4.4 10.78 2.76
23 4.6 11.27 2.73
24 4.8 11.76 2.70
25 5 12.25 2.67
26 5.2 12.74 2.65
27 5.4 13.23 2.62
28 5.6 13.72 2.60
29 5.8 14.21 2.58
30 6 14.7 2.56
31 6.2 15.19 2.54
32 6.4 15.68 2.52
33 6.6 16.17 2.50
34 6.8 16.66 2.48
35 7 17.15 2.46

GRT_04_6 Mths Riv erside



EB1111542 - 002 (GS1_01_12 Mths Goonyella_tailings)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.5 mLs every 1000 seconds
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EB1111542 - 005 (GS1_05_5 Yrs Goonyella_tailings)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.5 mLs every 1000 seconds
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EB1111542 - 006 (GRT_01_March 2011 Riverside_tailings)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.1 mLs every 1000 seconds
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EB1111542 - 009 (GRT_04_6 Mths Riverside_tailings)
Acid Buffering Characteristic Curve

Titrating with 0.1M HCl, in increments of 0.2 mLs every 1000 seconds
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