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Executive Summary 

Background 

The Kevins Corner Project is a thermal coal deposit within the Galilee Basin, Queensland.  The project is 
located approximately 65 km north of Alpha, 110 km southwest of the township of Clermont and 
approximately 360 km south west of Mackay in Central Queensland.   

Approximately 3.15 billion tonnes of overburden and 151 million tonnes of coal rejects are expected to be 
generated over the life of mine.  In addition, coarse reject and tailings products for on site disposal would 
also be generated from the coal wash plant from both open pit and underground operations.  For every 100 t 
of ROM coal approximately 75 t of product coal, 17 t of coarse reject and 8 t of tailings will be produced.  
This amounts to approximately 150 Mt and 70 Mt of coarse and fine reject, respectively, generated over the 
LOM. 

A geochemical characterisation and assessment of mine overburden, coal and coal reject products from the 
proposed Kevins Corner Project was undertaken.  

Sample selection 

Samples were selected to represent mine materials categorised according to the resource model. 

Samples of similar lithology were allocated to one of five lithology groups. The five groups were 
i) Carbonaceous, ii) Sand and Gravel, iii) Clay and Soil, iv) Coal and v) Remainder (Rem).  

Overburden samples collected from within the pit shell of the proposed Project from five lithology groups 
which are likely to represent more than 90% of the overburden (based on the lithological logging).   

Coal samples were collected from economic coal seams and likely uneconomic coal seams and represent 
coal material that may be stockpiled or remain in the pit.  Coal tailings and rejects as well as samples from 
the roof and floor regions adjacent to the coal seams were also obtained.   

A total 294 samples were selected from 26 drillholes for analysis and testing.  A further three raw coal, 
coarse reject and tailings samples from D Seam were generated from composite material from two additional 
large diameter drill holes.     

Results and Discussion 

Composition of mine overburden material 

Overburden and interburden materials were assessed separately from coal reject, roof and floor and 
processed coal samples. 

The overburden and interburden comprised four lithological groups as follows: i) Rem (being 85% of the 
estimated total overburden and interburden mass), ii) Clay and Soil (7%), iii) Sand and Gravel (4%) and iv) 
Carbonaceous (3%).   

Acidity, Salinity, Metals  

The following findings are based on paste pH and paste EC testing of 294 samples and static leach test of 
29 samples. 

Overburden and interburden: 

¶ The large majority of overburden and interburden that is not immediately adjacent to coal seams is not 
likely to be a source of acid immediately after mining. 

¶ There was limited evidence (one leached sample) that overburden and interburden samples from 
locations close to coal units that would not be mined could release acid. Some overburden and 
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interburden materials could be potential sources of salts (salinity).  Whilst elevated soluble salts may be 
released from the samples over a range of pH values, the largest concentration of soluble salts would be 
released in the near neutral range between pH 5 and 8. 

¶ The concentrations of metals in leachates were for the vast majority of samples very low.  

¶ The small number of samples (3) that had higher metal releases in leach tests, originated from locations 
adjacent to coal seams and had acidic pH values. 

¶ There was some evidence (two samples) that concentrations of selenium may be elevated at near 
neutral pH for a small amount of material. 

Coal, roof, floor and processed coal products: 

¶ Non-coal roof and floor materials may be associated with salt release over a range of pH values at a 
range of concentrations  

¶ Non-coal roof and floor materials are not likely to be sources of acid. 

¶ Undifferentiated coal is not likely to be a source of acid but may be a source of readily available salts. 

¶ Weathered coal is unlikely to be a significant source of readily available soluble salts or acid. 

¶ Coal rejects is potentially sources of acid (based on one sample). 

¶ Coal rejects material is potentially a source of soluble salts (based on one sample). 

¶ Coal tailings is unlikely to be a source of acid (based on one sample). 

¶ Coal product is unlikely to be a significant source of readily available soluble salts but is possibly a 
source of acid (based on one sample).  

¶ Three undifferentiated coal samples were leach tested. No metals were leached from these samples at 
elevated concentrations and most metals were at very low concentrations. 

Potential AMD 

Modified NPR and AMIRA methods were used to classify the potential of samples to form acid.  

Two hundred and sixty six samples were tested and classified by the NPR method. A subset of 80 samples 
were NAG tested and classified using the AMIRA method. 

There was generally good agreement in sample classification by the modified NPR and AMIRA methods. 

The vast majority of overburden and interburden samples (representing 3.1 billion tonnes of overburden) 
were NAF (89 to 94% depending on the classification scheme). Four to 8% of the samples were PAF. 
However, many of the PAF samples had low capacity to produce acid (i.e. NAPP ≤ 5 kgH2SO4/t).  

For example, of the eleven samples classified PAF under the NPR scheme eight samples had  low capacity 
to generated acid. Under the AMIRA scheme four of the six PAF samples had a low capacity to produce 
acid. 

The coal tailings and coarse rejects would all be classed PAF. The coal product would be classed NAF 
(based on one sample of each). 

Of the 19 fresh Carbonaceous group samples none were classed as PAF. No weathered Carbonaceous 
samples were available for characterisation.  

Acid production and Neutralising Capacity 

The distribution of overburden and mixing during mining would likely result in acid produced in one localised 
region contacting nearby neutralising materials.  Thus, leachate quality will generally be determined by 
average properties.  
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For the overburden and interburden lithology groups the average acid neutralising capacity (ANC) exceeds 
acid potential (AP) and the neutralisation potential ratio (NPR) is greater than or equal to five.  

This indicates that the on average there is adequate neutralising capacity to neutralise acid that is formed.  
However, actual leachate quality will depend on the localised distribution of overburden and the rate of 
neutralising of acid. 

For the coal and coal product the average NAPP values indicate that there is more neutralising capacity than 
acid potential but the NPR value indicates that the excess may not be enough to ensure all leachate remains 
neutral. 

Carbonaceous Roof and Floor, Rem Roof and Floor have excess neutralising capacity (negative NAPP and 
NPR > 3).  

For the Tailings -250 µm and Rejects +250 µm samples the NAPP and NPR indicate that both would be 
PAF. However, the potential to produce acid for the tailings is low and much less than that of the rejects (1.7 
compared to 61.3 kgH2SO4/t). 

Dispersivity 

Samples from all lithology groups showed some potential for dispersive behaviour. The general dispersivity 
characteristics of each material type is summarised in below.   

Table 1: General dispersivity characteristics of each material type 

SRK Group Weathering General dispersive characteristics 

Coal Fresh Non dispersive to slightly dispersive 

Carbonaceous Fresh Non dispersive to slightly dispersive 

Soil and clay Soil Non dispersive 

 Clay - highly to completely weathered Dispersive or slightly dispersive 

Remaining Moderately, highly and  completely weathered Dispersive or slightly dispersive 

 Slightly weathered or fresh Non dispersive to slightly dispersive 

 
Material Sampling Frequency 

Sample Spacing 

Experimental variography indicates that sampling from drillholes space on 1000 m x 1000 m grid is adequate 
for interpolation and extrapolation of total S and ANC in all overburden and interburden lithology groups and 
for the coal group. 

In the eastern half of the proposed open pit the sampled drillhole locations were approximately on 
1000 m x 1000 m grid and were therefore adequately spaced. Toward the western end of the proposed open 
pit the samples were collected from drillholes spaced at greater than 1000 m x 1000 m. Thus, in this region 
there is less confidence in the expected distribution of total sulphur grade. However, drill spacing in this area 
does not exceed approximately 2000 m and therefore based on variography at Alpha and KC the overall 
distribution of holes at Kevins Corner is considered adequate. 
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Total Sulpur Distribution 

Weathered material 

In the weathered material there was 95% confidence that the mean total S content was less than 0.1 wt% for 
the following groups:  

¶ Clay and soil  

¶ Sand and gravel  

¶ REM (excluding the 2.36 wt% S sample) 

For the weathered coal and the REM (including the 2.36 wt% sample) groups the 0.1 wt% total S value was 
not within the 95% confidence limits of the value of the mean total S content. 

No conclusion could be drawn for weathered Carbonaceous material as no samples were available for 
testing. 

Fresh material 

There is 95% confidence that the mean total sulphur content for the Coal and Carbonaceous groups do 
exceed the 0.1 wt%. 

For the fresh Carbonaceous and fresh Coal groups there were insufficient results to demonstrate to the 95
th
 

percentile confidence interval that the mean total sulphur content is above or below 0.2 or 0.3 wt%. 

Combining the Kevins Corner and Alpha results for the fresh Carbonaceous group indicate at the 95% 
confidence level that the mean total S value was within the interval 0.153 to 0.304 wt%. 

The probability of the total sulphur content exceeding 0.1 wt% for both the fresh Carbonaceous and coal 
group materials mined on a 100 m x 100 x 2 m block were estimated to be 100%. However, none of the 
Carbonaceous samples were classed PAF, 
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Recommendations  

Based on the information currently available: 

¶ The majority of overburden should be managed as non-acid forming material.  However, there is 
potential for existing salinity to be washed from some overburden in response to rainfall 
events.  Consequently, containment of run-off and water quality monitoring may be required depending 
on the sensitivity of ground and surface water to salinity. The results indicate that water quality 
predictions for the disturbed mine overburden are warranted. 

¶ More samples of coal, roof, floor, coal rejects and coal tailings and some  weathered Carbonaceous 
material should be characterised to improve the robustness of the current assessment of the 
geochemical characteristics of these materials. SRK understands that HGPL plans to undertake 
additional infill drilling which would allow sampling for supplemental geochemical testing of additional 
samples.  

¶ Until a more robust assessment of the coal rejects has been conducted they should be considered as 
PAF and appropriate management strategies should be considered. 

¶ Additional drilling should be conducted toward the western end of the proposed open pit as mining 
progresses. Samples from the holes should be collected and geochemically characterised). 

¶ Samples of selected major lithologies should be kinetically tested to determine the rates of acid 
production, acid neutralisation and metals release. Samples with total sulphur contents above and 
below 0.1 wt% should be tested. Data produced should be used in conjunction with other test results to 
confirm that materials with a total sulphur content of less than 0.1 wt% are NAF. 

¶ Suitable precautions should be taken to prevent water flowing over or ponding on the overburden 
emplacements to minimise physical erosion of the dispersive materials, and to prevent leaching of salts, 
which can mitigate dispersive behaviour.  Good compaction may also help prevent ingress of water into 
the slopes.  The use of flat slopes (<5% gradient if possible) or concave slopes (with steepest gradient 
at the top of the slope and reducing the gradient as slope length and quantity of runoff increase) is 
recommended to minimise any potential for gully formation. 
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Disclaimer 

The opinions expressed in this Report are based on the information supplied to SRK Consulting (Australasia) 
Pty Ltd (SRK) by Hancock Galilee Pty Ltd (HGPL). The opinions in this Report are provided in response to a 
specific request from Hancock to do so.  SRK has exercised all due care in reviewing the supplied 
information.  Whilst SRK has compared key supplied data with expected values, the accuracy of the results 
and conclusions from the review are entirely reliant on the accuracy and completeness of the supplied data.  
SRK does not accept responsibility for any errors or omissions in the supplied information and does not 
accept any consequential liability arising from commercial decisions or actions resulting from them.  Opinions 
presented in this report apply to the site conditions and features as they existed at the time of SRK’s 
investigations, and those reasonably foreseeable.  These opinions do not necessarily apply to conditions and 
features that may arise after the date of this Report, about which SRK had no prior knowledge nor had the 
opportunity to evaluate. 
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1. Introduction 

1.1 Terms of reference 

The Hancock Galilee Pty Ltd (HGPL) proposed Kevins Corner Coal Project is located in the Galilee Basin, 
Queensland.   

SRK Consulting (Australasia) Pty Ltd (SRK) was engaged to carry out a geochemical characterisation and 
assessment of mine overburden, coal and coal reject products from the proposed Kevins Corner Project. 
Tests were conducted to determine potential for: 

¶ Release of salinity 

¶ Generation of acid and metalliferous drainage (AMD) 

¶ Dispersivity 

1.2 Report Scope 

This report documents the findings of the: 

¶ Geochemical characterisation carried out on samples representative of overburden, roof and floor 
materials, as well as product coal, rejects and tailings. 

¶ Assessment to determine whether the samples tested adequately represent other materials at the site. 

The geochemical investigation assessed samples for their potential to be sources of acid and metalliferous 
drainage and their potential to be dispersive. A detailed list of tests is given in section 3. 

1.3 Background 

The Kevins Corner Project is a thermal coal deposit within the Galilee Basin, Queensland.  The project is 
located approximately 65 km north of Alpha, 110 km southwest of the township of Clermont and 
approximately 360 km south west of Mackay in Central Queensland.   

The project is expected to generate 26 to 27 million tonnes per annum of run of mine coal from open cut and 
underground operations. The scheduled mine life is 30 years and reserves are present to mine beyond 30 
years. 

Approximately 3.15 billion tonnes of overburden and 151 million tonnes of unmarketable material is expected 
to be generated over the life of mine.  In addition, coarse reject and tailings products for on-site disposal 
would also be generated from the coal wash plant.  For every 100 t of ROM coal approximately 75 t of 
product coal, 17 t of coarse reject and 8 t of tailings will be produced.  This amounts to approximately 150 Mt 
and 70 Mt of coarse and fine reject, respectively, generated over the LOM. 

A geochemical characterisation and assessment of mine overburden, coal and coal reject products from the 
proposed Kevins Corner Project was undertaken. 

1.3.1 Regional Setting and Climate 

The climate of the Project site is similar to that at Emerald, approximately 170 km to the south west.  The 
region surrounding the Project site typically has hot days during summer with mean maximum daytime 
temperatures of approximately 35°C.  Winter maximum daytime temperatures are around 23°C.  Mean 
maximum overnight temperatures are around 9°C in July, increasing to greater than 22°C in summer. 

The average annual rainfall is 556 mm/y with approximately 48% of rainfall occurring in summer.  The 
average pan evaporation is between 2000 and 2400 mm/y.   

Typical winds at the Project site are predominately from the east through to north east.  The wind speed 
reaches 6.6 metres per second (m/s) from the east, and is on average 2.6 m/s. 
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1.3.2 Geological setting  

The Kevins Corner Coal deposits occur within the Galilee Basin, a sequence of Late Permian to Early 
Triassic sedimentary rocks, exposed in a linear belt between the towns of Pentland in the north and Tambo 
in the south (Figure 1-1).   

Late Permian, coal-bearing strata of the Galilee Basin sub-crop are found in a linear, north-trending Belt in 
the central portion of the exposed section of the Basin and are essentially flat lying (dip estimated at 0.5° to 
the west). No major, regional scale fold and fault structures have been identified in regional mapping of the 
Project area (Golder, 2007a and Bridge Oil, 1994). 

 

Figure 1-1:  Galilee Basin, Central Queensland 

The stratigraphy of the Galilee Basin in the Kevins Corner area is described in Table 1-1.    
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Table 1-1:  Galilee Basin stratigraphy ï Kevins Corner Area 

Era Period Basin Unit Rock Type 

Cainzoic 
Quaternary 

  
Alluvium 

Tertiary 
  

Argillaceous sandstones and clays 

Mesozoic 

Jurassic 
Sub Eromanga 

Surat equivalent 

Hutton Sandstone 
 

Moolayember 
Formation  

Clematis 
Sandstone 

Quartz sandstone, minor siltstone and 
mudstone 

Triassic 
 

Rewan Formation 
Green-grey mudstone, siltstone and 
labile sandstones 

Paleozoic 

Permian 

Galilee 

Bandanna 
Formation 

Coal Seams (A & B), labile sandstones, 
siltstone and mudstone 

Colinea 
Sandstone 

Coal seams (C, D & E), labile and 
quartz sandstone 

Late Carboniferous 
to Early Permian 

Joe Joe 
Formation 

Mudstone, labile sandstone, siltstone, 
shale and thin carbonaceous beds 

Early Carboniferous Drummond Basin 
  

The coal measure stratigraphy, as defined by Hancock et al. in the Golder Associates Report (Golder, 
2007a), is presented in Table 1-2.  A cross-section presented in Figure 1-2 indicates the locations of coal 
seams within the project area.   

Table 1-2:  Late Permian Coal measure stratigraphy ï Galilee Basin 

Age Lithology 
Stratigraphic 

Unit 
Thickness Comments 

Triassic Green brown-purple mudstone, siltstone and labile sandstone Rewan 
Formation 

 Only in 
west 

Late 
Permian 

Sandstone 

Bandanna 
Formation 

10–30 m 

In
c
re

a
s
in

g
ly

 

a
rg

ill
a
c
e
o
u
s
 Coal Seam A - contains thin dirt bands thickening from south 

to north 
1–2.5 m 

Labile sandstone, siltstone and mudstone 10 m 

Coal Seam B – contains numerous dirt bands that constitute 
between 15 and 30% of seam. Variable in quality. 

6–8 m 

Labile sandstone, siltstone and mudstone 70–90 m 

Colinlea 
Sandstone 

In
c
re

a
s
in

g
ly

 a
re

n
a
c
e
o
u
s
 

Coal Seam C – seam thins northward and splits apart 2–3 m 

Labile sandstone, siltstone and mudstone 5–20 m 

Coal Seam D – Stone bands present with seam thickening 
westward, upper section splits off main seam to north west 

4.5–6 m 

Labile sandstone, siltstone and mudstone 15 m 

Coal Seam E – thin (0.2 m) clean coal bands, usually 2 bands 
E1 & E2 

0.1–0.4 m 

Labile sandstone, siltstone and mudstone 15 – 20 m 

Coal Seam F – localised thick geological section, no working 
section 

0.5 – 5 m 

Labile sandstone, siltstone and mudstone Unknown 

Early 
Permian 

Labile and quartz sandstone Undefined Transition to Joe Joe 
Formation 
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Figure 1-2:  Cross section showing coal seams  
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2. Drilling and Sampling 

Twenty coal samples and 274 non-coal overburden material samples were selected from 26 drillholes at the 
locations shown in Figure 2-1.  One sample of composited D seam material from two drill holes had been 
processed in a pilot plant and the tailings – 250 µm, rejects +250 µm and the coal +250 µm samples 
produced were also characterised. 

The origin and sample descriptions are provided in Appendix 1. 

The primary objectives of the drilling and sampling program were to obtain samples: 

¶ From major domains and a range of spatial locations from within the planned pit shell so as to reflect the 
geological variability and complexity in rock types. 

¶ Representative of coal process materials. 

¶ Representative of raw coal. 

AMD sample drill spacing was variable (Figure 2-1) over the pit area with spacing from 300 m to 3000 m.  An 
approximate average for the North South drill spacing is 1000 m and an approximate average for the east 
west spacing is 1000 m.   

Also shown on the drillhole plan (Figure 2-1) are the locations of the proposed open cut mine areas.  Due to 
changes in project economics the proposed open cut mine plan area has changed since the date of sampling 
(October 2010).  The dotted line shown in Figure 2-1 indicates the originally proposed open cut mine plan 
area, with the currently proposed area indicated with solid lines.      
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Figure 2-1:  Plan of drillholes sampled for geochemical characterisation together with the evolving pit locations 
indicated as dashed (October 2010) and solid lines (current) 

2.1 Lithology types and groups 

SRK grouped all lithologies identified in the resource database into sets of lithologies likely to have similar 
AMD properties.  This was in part to provide larger populations of samples for the statistical analysis of 
material characteristics as discussed in Section 5.  

The major lithologies identified and the groupings are shown in Table 2-1 together with an estimate of the 
mass of each that would be mined estimated from the drillhole data.  A comprehensive listing of the lithology 
codes entered in the drill logs and their relation to the summary groups is provided in Appendix 2.  

Samples were collected from ‘fresh’ and weathered materials. Table 2-2 lists the number of samples in each 
lithology according to weathering state. In the remainder of this report the states of weathering were 
simplified to either fresh or weathered. 
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Note: Sandstone sample 1412C_17 was not allocated a weathering state and is not included in the table. 

FR = Fresh, SW = slightly weathered, PW = partially weathered, WE = weathered, W = weathered,  
MW = moderately weathered, CW = completely weathered, HW = highly weathered. 

Table 2-3 summarises the mass of material that may be mined according to group, lithology and weathering 
state. 

A number of samples were collected from the roof and floor of the C and D coal seams. These samples and 
the raw coal samples could potentially have different potentials to produce and neutralise acid and 
metalliferous drainage from the overburden and interburden materials. Thus, these materials are discussed 
separately from the overburden and interburden in a number of the following sections. 

Table 2-1:  Groups and main overburden lithologies identified in drillholes  

GROUP 

Total 
Mass 

(thousand 
tonnes) 

Lithology 

Volume 
(thousand 

cubic 
metres) 

Assumed 
Density 

Mass 
(million 
tonnes) 

Lithology code 

Carbonaceous 104 Carbonaceous mudstone 16 2.3 38 XM 

    Carbonaceous siltstone 15 2.3 35 XT, XX 

    Other 13 2.3 31 XS, XC, XH 

Clay and Soil 218 Clay 90 2 181 CL 

  

 

Soil 18 2 37 SO 

Coal*   Coal 84 1.5 126 C* (except CM & CS) 

    Other Coal 17 1.5 25 IC,SU,ZC,ZH,ZM,ZS,ZZ 

Sand and 
Gravel 142 Sand 71 2 141 SA 

    Gravel 0 2 1 GV 

Remaining 
(Rem) 2689 Sandstone 631 2.15 1357 SS 

    Siltstone 310 2.15 668 SL 

    Claystone 125 2.15 269 CS 

    Mudstone 97 2.15 209 SI 

    Other 87 2.15 188 other 
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Table 2-2:  Lithology groups, lithology and number of samples within each weathering class 

Group Lithology Lith. code FR SW PW WE W MW HW CW 

Carbonaceous Carbonaceous mudstone XM 5 0 0 0 0 0 0 0 

Carbonaceous Carbonaceous sandstone XS 8 0 0 0 0 0 0 0 

Carbonaceous Carbonaceous shale XH 6 0 0 0 0 0 0 0 

Clay and soil Clay CL 1 8 0 0 0 3 13 9 

Clay and soil Soil SO 0 0 0 0 0 1 1 7 

Coal Coal weathered CW 0 0 1 0 0 0 0 2 

Coal Coal, undifferentiated CO 11 0 1 4 0 0 0 0 

Coal Coaly shale ZH 0 0 0 0 0 1 0 0 

Rem Claystone CS 1 0 0 0 0 1 3 0 

Rem Conglomerate CG 0 0 0 0 0 0 1 0 

Rem Laterite LT 0 0 0 0 0 1 0 1 

Rem Mudstone MS 6 0 0 1 0 2 0 0 

Rem Pebble conglomerate PC 1 0 0 0 0 0 0 0 

Rem Sandstone SS 80 21 1 1 1 2 8 0 

Rem Silcrete SK 0 0 0 0 0 4 0 0 

Rem Siltstone SL 31 1 0 1 0 14 7 2 

Sand and gravel Sand SA 0 1 0 0 0 3 5 10 

Total 
         

293 

Note: Sandstone sample 1412C_17 was not allocated a weathering state and is not included in the table. 
FR = Fresh, SW= slightly weathered, PW = partially weathered, WE = weathered, W = weathered, MW = moderately 
weathered, CW = completely weathered, HW = Highly weathered 

 
 

Table 2-3:  Distribution of the mass of fresh and weathered material amongst lithologies 

Group 
Weathered Fresh 

Total 
Mass (Mt) 

Carbonaceous 27 77 104 

Clay and soil 206 12 218 

REM 1021 1669 2689 

Sand and gravel 128 14 142 

Subtotal 1381 1771 3152 

Coal 13 138 151 

Total   3304 



SRK Consulting │ HCK003:  Geochemical Characterisation September 2011 

GARV/CHAP/kami HCK003_Kevins Corner Geochem Characterisation_Rev3 │9 

3. Measurements 

The following geochemical measurements and assays were undertaken on all samples: 

¶ Paste pH and electrical conductivity (s:w ratio 1:2) 

¶ Total sulphur 

¶ Acid neutralising capacity (ANC) 

¶ Multi-element analysis (four acid digest/aqua regia digest, ICPAES, ICPMS)  

The following tests and assays were undertaken on selected samples: 

¶ Single addition net acid generation (NAG) test 

¶ Modified NAG test with extended boil and solution assay 

¶ Distilled water extracts (simple leach tests) on solid. Solid to de-ionised water at a ratio of 1:3 (s:w) 

¶ Multi-element scans of the extracts 

¶ Chromium reducible sulphur 

¶ Sulphate sulphur 

¶ Carbon speciation (TIC/TOC) 

¶ Acid Buffering Characteristic Curve 

¶ Electrical conductivity for dispersivity (s:w ratio 1:5) 

¶ Cation exchange capacity (CEC) and exchangeable sodium percentage (ESP) 

¶ Emerson aggregate test 

The modified NAG with extended boil test was conducted because there was potential for the total organic 
carbon content to be high in some samples. 

Australian Laboratory Services (ALS), Brisbane, performed all testing. 
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4. Geochemistry Results and Discussion 

4.1 Sulphur content 

The frequency and accumulated distribution of total S are shown in Figure 4-1. The total S content ranged 
between <0.01 and 2.36 wt%.   Approximately 83% of the samples have less than 0.1 wt%, 96% of the 
samples have less than 0.3% and over 99% of samples have a total S content of less than 1 wt%. 

 

Figure 4-1:  Distribution of sulphur contents of samples 

4.2 Paste pH and Electrical Conductivity 

Paste parameters provide an indication of the acidity and salinity of a sample at the time of testing (which 
can be several months after sampling).   For example, acidic pH values may be used to infer the degree of 
weathering the sulphide minerals in the material has undergone, and the electrical conductivity may be used 
to infer the availability of readily soluble salts.  

The paste pH and paste EC measurements were conducted on a solid to water ratio of 1 to 2. Note this is 
different from the solid to water ratio (of 1:5) referred to by DERM (2011). 

Generally, paste pH (pH1:2) values less than 5 indicate the presence of stored acidity (i.e. stored oxidation 
products; note that where the sample represents a soil organic acids may also be present) and net acid 
generating conditions, whereas high paste pH values suggest the presence of reactive neutralising minerals.  
High paste EC (EC1:2) values may indicate a source of salinity and may be used to infer the potential for 
water contacting the overburden to become saline. 

4.2.1 Overburden and Interburden 

The results of paste measurements are tabulated in Appendix 3 and plotted in Figure 4-2 and Figure 4-3.  
The paste pH values for all overburden and interburden samples ranged from 3.4 to 9.9 (Figure 4-2), with 
75% falling between 6 and 9.  The average and median paste pH values were 7.6 and 7.9 respectively.   

A small number of samples (12) had paste pH values below pH 5, and only two samples had a pH less than 
4. These samples may have contained stored oxidation products and indicate that materials of the same 
characteristics could generate acid and reduce the pH waters contacting them without the sample 
undergoing further oxidation.  The samples with pH less than 5 were from the carbonaceous mudstone (1), 
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claystone (1), clay (1), sand (1), sandstone (5) and siltstone (3) groups.   One of the lower pH samples was 
immediately adjacent an undifferentiated coal unit and the bulk of overburden is located away from coal units 
and typically has higher pH values.   

For samples with measured total S contents of less than the detection limit (0.01 wt%) the total S content is 
presented as half of the detection limit, i.e. 0.005 wt%. 

 

Figure 4-2:  Paste pH as a function of total sulphur content for overburden and interburden by lithology 

The paste EC of the samples ranged from 26 to 4880 µS/cm with an average of 1014 µS/cm and median of 
739 µS/cm.  The paste EC values of 102 of the 293 samples were greater than 1000 µS/cm.  A plot of paste 
EC as a function of total sulphur for all samples is shown in Figure 4-3.   

As shown in the plot, the paste EC is elevated across the range of sulphur contents, and across the  range of 
pH values, as shown in Figure 4-4.  This indicates that EC likely is indicative of salinity (salts, predominantly 
sodium chloride as well as sulphates, as indicated by leach extraction tests, see Section 4.6.2).  The results 
indicate that the greatest concentration of soluble salts could be released in the near neutral range between 
pH 5 and 8 (where paste EC > 3000 µS/cm); however this does not consider the oxidation related release 
that may occur over time.   Samples from the siltstone and clays lithologies gave rise to the greatest spread 
of paste EC values with siltstone samples having the highest frequency of elevated paste EC values. 

 

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0.001 0.010 0.100 1.000 10.000

P
a

st
e

 p
H

Total S (wt%)

CARBONACEOUS MUDSTONE

CARBONACEOUS SANDSTONE

CARBONACEOUS SHALE

CLAY

CLAYSTONE

CONGLOMERATE

LATERITE

MUDSTONE

PEBBLE CONGLOMERATE

SAND

SANDSTONE

SILCRETE

SILTSTONE

SOIL



SRK Consulting │ HCK003:  Geochemical Characterisation September 2011 

GARV/CHAP/kami HCK003_Kevins Corner Geochem Characterisation_Rev3 │12 

 

Figure 4-3:  Paste EC as a function of total sulphur content for overburden and interburden samples by lithology 

 

Figure 4-4:  Paste EC as a function of paste pH for overburden and interburden samples by lithology 

4.2.2 Coal, Roof, Floor and Processed Materials 

Roof and floor samples were samples collected from immediately above or below coal seams that would be 
mined.  

A plot of pH as a function of total S for the coal, roof, floor, and processed samples is shown in Figure 4-5.  
The paste pH of the 31 samples ranged from 3.1 to 9.4, with an average and median of 6.8.  The three 
samples with a paste pH < 5, were undifferentiated coal, the processed product coal and rejects samples. 
None of the roof and floor samples had a pH less than 5.   

0

1000

2000

3000

4000

5000

6000

0.001 0.010 0.100 1.000

P
a

st
e

 E
C

 (˃S
/c

m
)

Total S (wt%)

CARBONACEOUS MUDSTONE

CARBONACEOUS SANDSTONE

CARBONACEOUS SHALE

CLAY

CLAYSTONE

CONGLOMERATE

LATERITE

MUDSTONE

PEBBLE CONGLOMERATE

SAND

SANDSTONE

SILCRETE

SILTSTONE

SOIL

0

1000

2000

3000

4000

5000

6000

2 3 4 5 6 7 8 9 10

P
a

st
e

 E
C

 (ɛ
S

/c
m

)

Paste pH

CARBONACEOUS MUDSTONE

CARBONACEOUS SANDSTONE

CARBONACEOUS SHALE

CLAY

CLAYSTONE

CONGLOMERATE

LATERITE

MUDSTONE

PEBBLE CONGLOMERATE

SAND

SANDSTONE

SILCRETE

SILTSTONE

SOIL



SRK Consulting │ HCK003:  Geochemical Characterisation September 2011 

GARV/CHAP/kami HCK003_Kevins Corner Geochem Characterisation_Rev3 │13 

 

Figure 4-5:  Paste pH as a function of total sulphur content for coal, roof, floor and processed samples 

A plot of paste EC as a function of total sulphur is shown in Figure 4-6.  The paste EC of the samples ranged 
from 49 to 2480 µS/cm with an average of 831 µS/cm and median of 622 µS/cm. The average paste EC 
value for the roof and floor samples was 876 µS/cm. 

A plot of the paste EC as a function of paste pH is shown in Figure 4-7.  The number of samples is for all 
lithologies other than undifferentiated coal is less than four.. Thus, the sample characteristics shown in the 
plot may not provide an accurate representation of the central tendency and distribution of paste EC of the 
large masses of the different materials produced by mining. However, the available data indicate that: 

¶ Weathered coal is unlikely to be a significant source of readily available soluble salts or acid. 

¶ Coal product is unlikely to be a significant source of readily available soluble salts but is possibly as 
source of acid. 

¶ Undifferentiated coal is unlikely to be significant source of acid, but may be a source of readily available 
salts. 

¶ Rejects + 250 µm material is potentially a source of acid and soluble salts. 

¶ Non-coal roof and floor materials may be associated with salt release over a range of pH values at a 
range of concentrations.  

4.2.3 Paste EC and pH Summary 

Measurements of paste pH indicate that: 

¶ The majority of overburden and interburden exposed to oxygen for less than two or three months and 
that is not immediately adjacent to coal seams is not likely to be a source of acid. 

¶ Coal rejects and coal product +250 µm are potentially sources of acid. 

¶ Undifferentiated coal and roof and floor materials are not likely to be sources of acid 
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Figure 4-6:  Paste EC as a function of total sulphur content for coal, roof, floor and processed samples 

 

Figure 4-7:  Paste EC as a function of paste pH for coal, roof, floor and processed samples  

4.3 Acid Base Account 

The net acid producing potential (NAPP) is the balance between the theoretical capacity of the sample to 
generate acid due to the oxidation of sulphides and its capacity to neutralise any acid formed, i.e. its acid 
neutralising capacity (ANC).  The theoretical maximum potential acidity (MPA) of the sample is calculated 
from the total sulphur content, assuming that all sulphur is present as pyrite. The assumption that all sulphur 
in the sample is present as sulphide (pyrite) may overestimate the amount of acid that could potentially be 
generated, since sulphur may exist in other forms that are not acid forming (e.g. as organic sulphur and 
sulphate). 
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The ANC of a sample may be sourced from both carbonate and silicate minerals.  The endpoint pH after the 
addition of hydrochloric acid (HCl) in the ANC measurement is very low (typically between pH values of 1 
and 2) and may lead to reactions that occur only at a low pH (i.e. neutralisation due to dissolution of the 
silicate minerals) or occur at a slower rate in the field.  The ANC measurement may therefore overestimate 
the neutralisation capacity that is available in the short term to maintain a near neutral pH.    

The NAPP is calculated as follows: 

NAPP = MPA – ANC (kgH2SO4/t) 

Where MPA = 30.6 x S% and the sulphur content is expressed as weight percent (wt%). 

The MPA, ANC and NAPP for all samples are reported in Appendix 3.   

4.3.1 Acid Potential 

Where a significant portion of sulphur is present as organic sulphur or sulphate, a more appropriate measure 
of the potential for acid generation is the acid potential (AP) of the material.  The AP is calculated based on 
the sulphide content.  The sulphide content may be estimated by subtracting the sulphate-sulphur content 
from the total sulphur content.  Alternatively, the chromium reducible sulphur (CRS) analysis has been 
developed to directly measure the inorganic sulphide sulphur content of a sample over a wide range of 
values (Ahern et al, 2004).  The sulphur quantified by the CRS method is assumed to be oxidisable sulphur.  

A subset of 53 samples was submitted for sulphate sulphur measurement.  Thirty-five samples were 
overburden and interburden samples and 18 were coal, roof and floor samples.  As there was potential for 
samples to contain organic sulphur the samples were also subjected to the chromium reducible sulphur 
(CRS) analysis.     

The total sulphur content of the samples is presented in the ABA table in Appendix 3.  The total sulphur 
content of the overburden and interburden samples ranged between 0.06 and 0.96 for all but one sample 
(Sample 1401X-28 had a Total S content of 2.36% but appears to be carbonaceous and was located directly 
above a coal seam (see Figure 22).   

For the coal, roof and floor samples the total sulphur content ranged between 0.09 to 0.85 wt%. 

4.3.1.1 Overburden and Interburden 

A plot of total sulphur minus sulphate sulphur (i.e. sulphide sulphur by convention) as a function of total 
sulphur for the overburden and interburden is presented in Figure 4-8.  The diagonal line represents a line of 
equivalence, where the sulphide sulphate sulphur and total sulphur are equal. The sulphate sulphur content 
of the samples ranged between 0.01 and 0.29% and in general represented a small fraction of the total 
sulphur content.  For samples with sulphur contents greater than 0.1 wt%, the majority of total S was present 
as non sulphate sulphur.   

The CRS presented as a function of total sulphur less sulphate sulphur is shown in Figure 4-9.  

The oxidisable sulphide sulphur content of the samples generally is less than the sulphide sulphur content, 
as calculated from the total and sulphate sulphur, ranging from <0.005 to 0.82 wt% excluding the value for 
sample 1401X-28. The value for 1401X-28 was 2.07 wt%.  As with Figure 4-8, the line of equivalence 
indicates where the CRS and sulphide sulphur (by calculation) are equal.  For the samples shown below the 
line, it is expected that a portion of the calculated sulphide sulphur exists in the form of non-oxidisable 
sulphur.   

Approximately 50% the sulphide sulphur is present in an oxidisable form (based on CRS test results) for 
about 50 % of the samples.  This suggests that in about half the mass of the overburden and interburden 
only about 50% of the calculated sulphide sulphur content is oxidisable where the total S content is greater 
than 0.06 wt%.  The majority of these results correspond to the lower end of the sulphide content range. 
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Figure 4-8:  Sulphide sulphur (non sulphate sulphur) as a function of total sulphur content for overburden and 
interburden 

 

Figure 4-9:  Chromium reducible sulphur as a function of sulphide sulphur content for overburden and 
interburden 
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The CRS results therefore suggest that at the higher end of the sulphur content range the sulphide sulphur 
content reasonable reflects the oxidisable sulphur content, whereas at the lower end of the scale, the 
sulphide sulphur content is likely to overestimate the potential for acid generation.  Furthermore, the 
comparison of the sulphide sulphur content to the total sulphur content suggests that at the upper end of the 
scale the sulphate content is low and, combined with the CRS results, the total sulphur can be used to 
provide an approximation of the AP.  At the lower end of the scale, however the sulphate sulphur content is 
significant and total sulphur would result in an overestimation of the AP. 

4.3.1.2 Roof and Floor, Coal and Washery Rejects 

Figure 4-10 and presents the sulphide sulphur content as a function of the total sulphur content for the coal, 
roof and floor material samples. Figure 4-11 compares the corresponding sulphide sulphur content with the 
CRS results.  The sulphate sulphur ranges between 0.01 and 0.18 wt% and is a small fraction of the total 
sulphur (which ranges between 0.08 and 0.85 wt%), i.e. the calculated sulphide sulphur content correlates 
well with the total sulphur content.   

The oxidisable sulphur content of the samples ranged between <0.005 and 1.15 wt% (based on the results 
of the CRS analyses).  The CRS test results indicate that for about 60% of the samples, the oxidisable 
sulphur is less than 50% of the sulphide sulphur content.  This suggests that for 60% the coal, roof and floor 
samples the sulphide sulphur and thus the total sulphur would lead to a significant overestimation of the AP 
of these materials.   

 

Figure 4-10:  Non sulphate sulphur as a function of total sulphur content for coal and roof and floor samples 
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Figure 4-11:  Chromium reducible sulphur as a function of sulphide sulphur content for coal and roof and floor 
samples 

4.3.2 Acid Neutralisation Capacity 

The ANC of the overburden and interburden samples ranged from 0.7 to 191 kgH2SO4/t, with an average of 
28 kgH2SO4/t and a median 11.8 kgH2SO4/t. The values measured in the roof and floor, coal and coal reject 
samples were smaller, ranging from 2.4 to 47.2 kgH2SO4/t with an average value of 19.8 kgH2SO4/t and 
median of 11.5 kgH2SO4/t.  The individual results are shown in the ABA table in Appendix 3.  

The Ca and Mg carbonate minerals are of greatest importance in terms of neutralising acidity generated as 
they react rapidly and buffer in the near neutral pH range.  The total inorganic carbon content (TIC) can be 
used to infer the carbonate mineral content and estimate the carbonate neutralization potential (CarbNP).  In 
the overburden and interburden the CarbNP ranged from 0.8 to 180 kgH2SO4/t, with an average of 35.5 
kgH2SO4/t and median of 13.1 kgH2SO4/t. In the coal, roof and floor materials, the CarbNP was  higher and 
ranged from 3.3 to 118 kgH2SO4/t, with an average of 53 kgH2SO4/t and median of 48 kgH2SO4/t.  

The CarbNP is presented as a function of ANC in Figure 4-12 and Figure 4-13.  A line of equivalence is also 
shown on the plots (diagonal line), which indicates where the ANC equals the CarbNP.  Where the CarbNP 
equals or exceeds the ANC (below the line of equivalence) it may be assumed that a portion of the 
carbonate minerals present, do not contribute to acid neutralisation (e.g. siderite (FeCO3)).  Where the ANC 
exceeds the CarbNP (above the line) it may be assumed that slower reacting silicate minerals contribute to 
the ANC. 

Carbon speciation was carried out on 51 of the 294 samples.  The 51 samples consisted of 39 overburden 
and interburden and 12 coal, roof and floor samples.  Around 56% of the interburden and overburden 
samples and 92% of the roof and coal, roof and floor had an ANC/CarbNP ratio of less than 1.0 (suggesting 
some carbonate present does not contribute to ANC). For the other samples where the ANC/CarbNP was 
calculated, some of ANC is attributed to slower reacting silicate minerals.  It is therefore expected that the 
ANC readily available to neutralise acidity for these samples is less than that indicated by the ANC test.   
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Figure 4-12:  CarbNP vs ANC for overburden and interburden samples 

 

Figure 4-13:  CarbNP vs ANC for coal and roof and floor material samples 

Samples with a broad range of ANC values were selected for acid buffering characteristics curve (ABCC) 
testing.  This test provides an indication of the proportion of ANC within a sample that is readily available for 
acid neutralisation at circum neutral pH.  It involves the slow titration of the sample with hydrochloric acid, 
whilst continuously monitoring pH.     

The ABCC results may be used to infer the availability of the neutralisation potential by calculating the 
equivalent ANC to pH 6.  The ANC measured above pH 6 is indicative of buffering by calcium and 
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The results of the ABCC tests are compared with the ANC and CarbNP in Table 4-1.  The results show that 
the ABCC neutralisation potentials to pH 6 are significantly lower than those indicated by the CarbNP and 
ANC methods (with the exception of one sandstone sample).  The neutralising capacity available to buffer 
above pH 6.0 ranges between <1 to 10.2 kgH2SO4/t and the fraction of ANC available ranges between 0 and 
18% of the ANC (except the sandstone sample), suggesting the balance of neutralising capacity as 
measured by the ANC method may be due to reactions with aluminosilicates at low pH values.  Hence, the 
ANC and the CarbNP may overestimate the neutralisation potential that is available immediately to buffer the 
pH to above 6 (i.e. to prevent the onset of acid generating conditions).   

Table 4-1:  Summary of neutralising capacity derived from ANC, CarbNP and ABCC test work 

Sample 
ID 

Hole ID Lithology 

Neutralising Capacity 
(kgH2SO4/t) 

Available 
ANC to pH 6 

ANC CarbNP To pH 6 % 

96 1388R Sandstone 73.1 68.6 10.2 14 

102 1389R Siltstone 5.6 - 0.98 18 

137 1397R Clay 13.5 - 1.87 14 

169 1412C Sandstone 4.6 8.2 4.79 104 

178 1414X 
Carbonaceous 
Mudstone 

7.7 20.4 0.69 9 

196 1429R Coal 9.8 - 0.25 3 

210 1434D Siltstone 21.2 75.9 2.34 11 

213 1434D 
Carbonaceous 
Sandstone 

8.9 - 0.39 4 

228 1444D 
Carbonaceous 
Shale 

8.9 13.1 
Initial pH 

5.88 
0 

267 1451D Sandstone 4.3 24.5 
Initial pH 

4.42 
0 

271 1452D Sandstone 36.5 - 4.70 13 

277 1453D Sandstone 62.2 96.3 7.37 12 

279 1453D 
Carbonaceous 
Sandstone 

65.4 54.7 4.2 6 

 

4.4 Sample Classification Schemes 

4.4.1 Net Potential Ratio 

Sample classification is based on the acid generating potential of a material.  Whilst the potential may be 
assessed using the NAPP as described earlier, an alternative method is based on the neutralisation potential 
ratio (NPR).  The NPR is defined as the ratio of ANC to MPA (or AP where available)  (Price, 2009).  For 
overburden, a sample may be classified using the NPR as follows:   

¶ NPR < 1    – potentially acid forming (PAF) 

¶ 1 < NPR < 3   – uncertain (UC) 

¶ NPR > 3    – non acid forming (NAF) 

PAF samples with NAPP values less than 5 kgH2SO4/t were assessed as having a low capacity to produce 
acid.  

The acid generating potential was investigated with more detailed static test work including estimation of the 
oxidisable sulphur by the chromium reducible sulphur test.  Where chromium reducible sulphur test results 
were available they were used in the calculation of the AP.  
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The neutralising capacity was estimated using ANC, CarbNP and ABCC testing. The number of samples 
subjected to the various tests differed. However as, all samples were ANC tested, classification of samples 
was based on the the minimum of the Total S and the CRS and ANC for all samples. 

Low sulphur content samples have a low or negligible potential to produce acid and therefore pose a low or 
negligible risk of producing AMD.  Furthermore, the CRS test results indicated that at lower total sulphur 
content the oxidisable sulphur content decreases.  Thus, under some circumstances it can be reasonable to 
class some materials with low sulphur content as NAF. Total sulphur cut-off (Sco) values for classing samples 
as NAF typically range from less than 0.1 wt% to about 0.2 wt% sulphur, depending on the reaction kinetics 
and the material properties including occurrence of the sulphides and any ANC that may be present. 

Generally, verification the choice of the cut-off would be via further geochemical testing, which would include 
kinetic testing of low sulphur content samples representing each of the dominant rock types at sulphur 
contents within the range under consideration. In the absence of verification from kinetic testing at the time of 
reporting the lower cut-off content of 0.1 wt% S was used, where samples with a total sulphur content below 
this is classed as NAF irrespective of other properties. 

A cut-off of 0.1 wt% total is likely to be a reasonable choice of cut-off grade, however kinetic testing to 
support this choice should be undertaken. 

4.4.2 Overburden and Interburden 

The calculated NPR values and the sample classifications based on the NPR of overburden and interburden 
samples are summarised in Table 4-2 and shown in Figure 4-14. The solid line in the plot differentiates 
samples with characteristics that are NAF (NPR>3) from those that are UC.  The dashed line differentiates 
the samples with PAF (NPR<1) characteristics from those that are UC.  The samples below the dashed line 
also have a positive NAPP. Two hundred and sixty six samples were NPR tested. 

The results in Figure 4-14 indicate that:  

¶ Two hundred and fifty one samples  (94%) were classed as NAF  

¶ Four samples (2%) were classed as UC 

¶ Eleven samples (4%) were classed as PAF, this included clay (2 samples), sand (1), sandstone (5)  and 
siltstone (3) samples  

Of the eleven PAF samples: 

¶ one was located away from the coal seams and had a NAPP greater than 5 kgH2SO4/t  

¶ five were located away from the coal seams and had NAPP less than 5 kgH2SO4/t (i.e. they were PAF-
LC) 

¶ two samples were located adjacent to coal seams and had NAPP greater than 5 kgH2SO4/t 

¶ three samples were located adjacent to coal seams and had NAPP less than 5 kgH2SO4/t (i.e. they were 
PAF-LC) 

A total of 23 samples were from locations within 2 m of the coal seam and 243 samples were from locations 
more distant from the coal seam. Therefore, about 22% of samples adjacent to the coal seam were PAF or 
PAF-LC and 2% of samples distant from the coal seams were PAF or PAF-LC. This indicates the highest 
concentration of PAF material is located adjacent to the coal seams. 

The locations PAF-LC samples in relation to the coal that would not be mined are shown in Appendix 10. 

The risk of AMD is dependent on the AP and ANC. Materials with low total S contents are associated with 
lower risk. For example, materials with total S content of <0.03% (MPA<0.9 kgH2SO4/t) can be considered to 
represent materials with insignificant risk whilst those with total S content of <0.1 wt% (MPA<3 kgH2SO4/t) 
can be considered to represent materials with low risk (note the crustal abundance of sulphur in a mean 
sediment is approximately <0.3 wt%, Bowen, 1979 ).   
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Samples with an NPR of less than three and considered of insignificant or low risk (and therefore classed 
NAF) are within the shaded regions of Figure 4-14. Samples with NPR > 3, i.e. those with a bove the solid 
black line, are classed as NAF. 

Of the 266 samples 248 (92%) had a negative NAPP value indicating they had potential to neutralise acid.  

Table 4-2:  Summary of overburden and interburden sample classification (NPR method) 

Rock type 
Number of Samples 

NAF UC PAF Totals 

Clay 32   2 34 

Soil 9     9 

Sand 18   1 19 

Carbonaceous mudstone 3 1   4 

Carbonaceous sandstone 8     8 

Carbonaceous shale 4 1   5 

Claystone 5     5 

Conglomerate 1     1 

Laterite 2     2 

Mudstone 8     8 

Pebble conglomerate 1     1 

Sandstone 106 1 5 112 

Silcrete 4     4 

Siltstone 50 1 3 54 

Subtotal 251 4 11 266 

Percentage (of samples)  94 2 4 100 

Note: Blanks indicate no samples were tested 
 

 

Figure 4-14:  ABA plot for overburden and interburden samples 
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4.4.3 Coal, roof, floor and processed materials 

The distribution of NPR values of samples of coal, roof, floor and processed materials are summarised in 
Table 4-3 and presented in Figure 4-15.  The weathered and undifferentiated coal, the coaly shale coal 
samples would potentially be representative of coal stockpile material or uneconomic coal that would be left 
in the pit.  A portion of the roof and floor material, which may comprise non-coal material immediately above 
and below the coal seams, would also remain in the pit if not selectively handled. 

The calculated NAPP and NPR values and the sample classifications based on the NPR are shown in 
Appendix 3.   

One composited sample of raw coal from two large diameter drill holes was processed in the pilot plant to 
produce single samples of i) tailings -250 µm, ii) rejects +250 µm, and iii) coal product +250 µm samples. 
Although only one sample was characterised, the results indicate that the tailings and coarse rejects would 
be PAF and the coal product would be NAF. More samples should be characterised provide a higher level of 
confidence in the geochemical classification of each product. SRK understands that HGPL plans to 
undertake additional infill drilling which would allow sampling for supplemental geochemical testing of 
additional samples. 

The tailings -250 µm sample would classed PAF-LC as it had a NAPP of 1.7 kgH2SO4/t and the NAF rejects 
+250  µm sample had a NAPP of 61.3  kgH2SO4/t). 

Figure 4-15 shows that seven of the eight roof and floor samples available for analysis were classed as NAF. 
One sandstone roof sample was classed PAF-LC  Given the relatively small number of samples, 
characterisation of additional roof and floor samples should be conducted as part of the planned in-fill drilling 
and geochemical sampling program as exploration proceeds.  
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Table 4-3:  Number of coal, roof and floor samples in each class (NPR method) 

Rock type 
Number of Samples 

NAF UC PAF Totals 

Coal weathered 3     3 

Coaly shale     1 1 

Coal, undifferentiated 10 2 4 16 

Clay         

Soil         

Sand         

Carbonaceous mudstone 1     1 

Carbonaceous sandstone         

Carbonaceous shale 1     1 

Claystone         

Conglomerate         

Laterite         

Mudstone 1     1 

Pebble conglomerate         

Sandstone 2   1 3 

Silcrete         

Siltstone 2     2 

Tailings – 250 µm     1 1 

Rejects + 250 µm     1 1 

Product + 250 µm 1     1 

Subtotal 21 2 8 31 

Percentage (of samples) 68 6 26 100 

Note: Blanks indicate no samples were tested 

 

Figure 4-15:  ABA plot for coal, roof and floor and process samples 
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4.4.4 Net Acid Generation Results 

The single addition net acid generation (NAG) test measures how a sample could behave under highly 
oxidising conditions.  The sample is contacted with the strong oxidant hydrogen peroxide, which oxidises the 
sulphides contained in the sample to generate acid.  Concurrently, neutralising minerals that may be present 
react to consume all or part of the acid generated.  Following a predetermined contact time, the solution pH 
(NAGpH) is recorded and the NAG acidity of the sample is quantified by titration with a base (sodium 
hydroxide).   

Titration to pH 4.5 generally accounts for acidity attributable to free acid (H2SO4) and ferric iron generated 
during the oxidation of sulphide minerals (that has not been neutralised by the contained ANC).  Titration 
from pH 4.5 to pH 7 generally accounts for acidity associated with some metals, such as copper, that are 
mostly soluble at pH 4.5 but practically insoluble at pH 7.  Acidity attributed to unoxidised ferrous iron will 
also be accounted for in the titration up to pH 7 (ferrous iron remains soluble at pH 4.5; however oxidation to 
ferric by atmospheric oxygen accelerates as the pH increases). 

There is a potential for generation of organic acids in the single addition NAG tests due to partial oxidation of 
Carbonaceous materials (an effect that does not occur naturally in the environment).  This may lead to 
erroneous low NAGpH values and high acidities in the test, which are unrelated to acid generation from 
sulphide oxidation and can lead to misclassification of the samples.  This effect is most likely to occur in 
samples where the organic carbon content is greater than 7% and the pyrite content is less than 0.7% (e.g. 
coal washery rejects (ACARP, 2008)). 

AMIRA (2002) described the single addition NAG test method used to classify the rock samples according to 
their potential to be acid forming for samples with low organic carbon contents.  The scheme takes account 
of both the NAGpH and the NAPP of the sample.   

The extended boil NAG test may provide a more reliable measure of the acid forming potential of a 
Carbonaceous sample.  This test is carried out if the NAGpH of the single addition NAG test is less than 4.5.  
Additional hydrogen peroxide is added to a split of the NAG solution, which is boiled vigorously for several 
hours followed by a further measurement of the pH.  A sample is classified as acid producing if the solution 
pH is still less than 4.5.   

The acid potential of the sample is uncertain if the pH is greater than 4.5.  A solution assay step is then 
carried out on the other split of the NAG solution for the main cations generated from acid generating (S) and 
acid neutralising (Ca, Mg, Na, K) processes.  The net acid potential is calculated from the solution 
composition.   

As for the NPR method described above, samples with total or CRS sulphur contents of less than 0.1 wt% 
were classified NAF. 

The samples were classified according to the scheme shown in Table 4-4.  The NAG results and the sample 
classifications are presented in Appendix 3.   
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Table 4-4:  Acid-base accounting classification 

Class Sub-class Description 

NAF NAF Samples with total S or CRS of less than Sco (= 0.1 wt%)  

 NAF Samples with a negative NAPP value and a NAG pH of ≥4.5 

 NAF-Barren 
As above, and also a low ANC (≤5 kgH2SO4/t).  Such samples have little 
value with respect to mitigating the effects of acid production in other 
mine overburden materials 

PAF 

PAF Samples with a positive NAPP value and a NAG pH of <4.5 

PAF-LC 

PAF materials associated with low NAG acidities  
(NAGpH4.5 < 5 kgH2SO4/t) 

NAPP ≤  5 kgH2SO4/t  calculated NAG acidity < 6.5. kgH2SO4/t. 

Uncertain UC(PAF) Samples with negative NAPP but giving NAG pH values <4.5 

 UC(NAF) 
Samples with NAPP ≥0 but giving NAG pH values ≥4.5.  Possibly in 
these samples some of the sulphur present is in non-pyritic forms 

Notes: S=sulphur; Sco = sulphur cut-off, ANC=acid neutralisation capacity; NAPP=net acid producing potential; NAG pH=pH 
measured during net acid generation test. At the time of reporting NAG acidities for the extended boil NAG tests were not available. 
It is therefore possible that some samples classified as PAF would be reclassified as PAF-LC when the NAG acidity is taken into 
account. Classification of samples with total S or CRS less than Sco is a variation from the standard AMIRA classification scheme. 

4.4.4.1 Overburden and Interburden 

A subset of the samples characterised using the NPR method was also tested by the NAG method. Results 
for 80 samples of overburden and interburden are shown in Figure 4-16.   The standard NAG classification 
(e.g. non-acid forming, uncertain) is indicated in each quadrant of the plot. In this representation no account 
is taken of the reclassification  of samples as NAF as a result of the minimum of the Total S or CRS value 
being less than 0.1 wt%. Thus, the number of samples indicated as PAF and UC in the plot is an 
overestimate based on the scheme described in Table 4-4. The number of samples in each class 
reassessed using the sulphur cut-off value, Sco, of 0.1 wt% is shown in Table 4-5. 

The need to support quantitatively the value of Sco was stated earlier in Section 4.4.1.  Figure 4-16  suggests 
that such support is required for at least the shale, siltstone and sandstone lithologies. 

Eighty nine percent of samples were classed NAF, 4% UC, 5% as PAF-LC and 3% as PAF (Table 4-5). This 
compares to the 94 (NAF), 2 (UC) and 4% (PAF) respectively determined using the NPR method (the total 
percentage of the first exceeds 100% due to rounding of values). Of the six PAF samples, two were from 
locations immediately adjacent to coal seams, a third sample was from within 2 m of a coal seam and the 
remaining three were from more than 3 m from the coal seam. 

Although the percentage estimated to be PAF by the AMIRA method is twice that estimated using the NPR 
method, each estimate has an uncertainty that reduces the significance of this difference. 

The small number of samples assessed further contributes to the statistical uncertainty on the number of 
samples in each classification. With 80 samples NAG tested, one sample represents more than one percent 
of the total population. As most material is not adjacent to coal seams, the two samples selected from 
immediately adjacent to the coal seam result in a bias in the overall test results towards the characteristics of 
samples adjacent to coal seams. 

NAG testing a different subset of samples assessed by the NPR method would most likely have resulted in a 
different distribution.  Reducing the uncertainty would require that more samples be tested. However, as a 
larger number of samples has been classified using the NPR it would probably be more effective to perform 
future assessments using the NPR scheme and build on that larger data set. 
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Figure 4-16:  Geochemical classification plot for the overburden and interburden samples 

Note: The plot represents classification of samples according to the standard AMIRA classification scheme and does not account 
for the total S or CRS being less than the cut-off value (Sco). 
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Table 4-5:  Summary of overburden and interburden sample classification (AMIRA method) 

 No. of samples 

Lithology NAF UC(NAF) UC(PAF) PAF-LC PAF Subtotal 

Clay 4         4 

Soil 2         2 

Sand 2       1 3 

Carbonaceous mudstone 4         4 

Carbonaceous sandstone 5         5 

Carbonaceous shale 4   1     5 

Claystone 1         1 

Conglomerate             

Laterite             

Mudstone 4         4 

Pebble conglomerate             

Sandstone 32   1 4   37 

Silcrete 2         2 

Siltstone 11   1   1 13 

Tailings - 250             

Rejects + 250             

Product + 250             

Subtotal  71   3 4 2 80 

Percentage (of samples) 89% 0% 4% 5% 3% 100% 
 Note: Values of zero (0) have been replaced with blanks 

 

4.4.5 Coal, roof and floor materials 

The classifications of 20 coal, roof and floor samples by the standard AMIRA method are presented in Figure 
4-17. Processed coal, rejects or tailings samples were not tested by the NAG method due to the high organic 
carbon contents. The number of samples in the various AMIRA classes are shown in Table 4-6.   

The number of samples from any lithology is small and the geochemical characteristics of the set therefore 
may not accurately represent the distribution of characteristics present in the overburden at the site. The 
available data indicate that coal rejects such as undifferentiated coal and coaly shale may be PAF and that 
the non- coal roof and floor samples may be NAF with the exception of  a pebble conglomerate. However, 
further testing of roof and floor material may need to be undertaken as part of the planned infill drilling and 
geochemical sampling/testing program to ensure that the distribution of geochemical characteristics for the 
various roof and floor and coal rejects is adequately understood.   
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Figure 4-17:  Geochemical classification plot for the coal, roof and floor samples 

Note: The plot represents classification of samples according to the standard AMIRA classification scheme and does not account 
for the total S or CRS being less than the cut-off value (Sco). 
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4.5 Acid Producing and Neutralisation Balance 

The overall balance of the acid production and acid neutralising capacity for each lithology group was 
calculated. For each group the average AP and average ANC were calculated and the NAPP and NPR were 
calculated from the average values.  

Table 4-7 shows that there is excess neutralising capacity (negative NAPP and NPR > 3) for each 
overburden and interburden lithology group. 

Table 4-8 shows that there is excess neutralising capacity (negative NAPP and NPR > 3) for each roof and 
floor lithology group. 

For the coal and coal product the average NAPP values indicate there is more neutralising capacity than acid 
potential but the NPR value indicates that the excess may not be enough to ensure all leachate remains 
neutral.  

For the Tailings -250 µm and Rejects +250 µm samples the NAPP and NPR indicate that both would be 
PAF. However, the potential to produce acid for the tailings is low and much less than that of the rejects (1.7 
compared to 61.3 kgH2SO4/t). 

NAPP and NPR values indicate that the coal product will not be acid producing. 

Table 4-7: Acid producing and acid neutralising account for overburden and interburden 

 

Proportion of mass 
Average 

AP 
Average 

ANC NAPP NPR 

Group % kgH2SO4/t  

Carbonaceous 3 3.7 16.8 -13 5 

Clay and Soil 7 1.0 6.4 -5 6 

Rem 85 1.4 26.7 -25 19 

Sand and Gravel 4 0.4 2.8 -2 7 
Note: Total of proportion of mass is not 100 due to rounding of values  

Table 4-8: Acid producing and acid neutralising account for coal, roof, floor and processed coal materials 

Group AP ANC NAPP NPR 

 
kgH2SO4/t   

Coal 4.7 11.3 -6.6 2.4 

Carbonaceous Roof and Floor 4.5 28.3 -23.8 6.2 

Rem Roof and Floor 1.6 18.8 -17.3 12.1 

Product + 250um 1.9 3.3 -1.4 1.7 

Rejects + 250um 61.8 0.5 61.3 0.01 

Tailings – 250um 7.9 6.2 1.7 0.79 
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4.6 Elemental Abundance and Solubility 

4.6.1 Elemental Abundance 

Quantitative elemental analysis of solid samples was undertaken to determine the abundance of elements in 
the samples (see Appendix 5.  All samples were also leached with de-ionised water (solid:water ratio 1:3, 
Price, 2009) and quantitative elemental analysis was conducted on the leachate to identify readily soluble 
elements that may be flushed from the overburden. 

A direct comparison of the measured abundances of the elements was made with the average abundance of 
elements in the sediment documented by Bowen (1979).  As the abundance of elements varies many-fold, a 
log base 2 index was developed to simplify comparison of measured abundances with average abundances.  
The index, called the global abundance index (GAI), was reported by Förstner (1993). 

The GAI indicates which elements are ‘enriched’ in the sample with respect to a reference average 
abundance.  The GAI is calculated using the following formula: 

GAI =  ö
ö

÷

õ

æ
æ

ç

å
öö
÷

õ
ææ
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å

³ Abundance Average5.1

ionConcentrat Measured
log2Int

 

An example of GAI values is provided in Table 4-9. In the table n is the ratio of the measured abundance in 
the sample to the reference material abundance. 

Table 4-9:  Ranges of the Ratio of the Measured Concentration to Average Abundance (n) and the 
Corresponding Global Abundance Index 

n range GAI 

1 < n < 3 0 

3 ≤  n < 6 1 

6 ≤  n < 12 2 

12 ≤  n < 24 3 

Zero or positive GAI values indicate enrichment of the element in the sample when compared to average-
crustal abundances.  As a general rule, a GAI of 3 or higher signifies enrichment that warrants further 
evaluation. GAI values are presented in Appendix 6.  

All 297 samples were submitted for whole rock assay analysis.  Elements that were identified as enriched in 
a number of samples were Ag, As, Re, Sb, Se and Te.  The results indicated that 49% of the samples were 
enriched in Re and 73 % in Te.  Enrichment of the remaining elements was less frequent, occurring between 
1% and 3% for Ag, Sb and Se, with As only enriched in one sample (0.3%).   

Whilst these elements are enriched, further evaluation of their leachability is required (see Section 4.6.2).  Of 
these, selenium is considered the most likely to leach at potentially significant concentrations when exposed 
to oxidising conditions for extended periods.   

The evaluation should determine whether the elements are present in a leachable form and if they pose a 
risk to the environment once released.   
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4.6.2 Solute Release 

Simple leach tests (Price, 2009) were carried out on 29 samples at a solid:water ratio 1:3 over a period of 
24 hours. Full results are presented in Appendix 7. The tests provide an indication of the solubility of 
elements and salts that are already present in the samples and form a basis for an initial assessment of the 
potential for changes to water quality as a result of contact with the overburden.  Since the physical and 
chemical conditions of the leach test will not be the same as those expected in the ‘as placed’ environment 
(e.g. solubility constraints, liquid to solid ratio, particle size, etc.), the leach composition is not expected to be 
representative of that which may develop in the field.  The results cannot be directly extrapolated to predict 
the leachate quality expected to seep from a dump of the material, but are useful to provide an indication of 
the readily leachable elements that may be present.   

While the leach extraction test results cannot be used to directly estimate the water quality that would be 
released from the mine overburden materials, the results can be used to identify solutes that could potentially 
be released at concentrations sufficient to warrant further investigation.  As leachate results cannot be 
directly compared with water quality guidelines until scale-up effects and actual site conditions are 
incorporated into the leachate release/loading rates, the results are compared to Australian and New 
Zealand Guidelines for Fresh and Marine Water Quality (ANZECC (2000)) only to identify solutes that 
potentially may be of significance. Note however that water quality predictions need to consider actual site 
conditions and are not part of the current scope/report.  Elements that exceeded ANZECC (2000) guideline 
values for stock watering are shaded in Figure 4-12. 

Overburden and Interburden 

Twenty four (24) of the leached samples were from overburden and interburden. The pH and concentration 
of 58 elements were measured in each leachate. 

¶ The pH of the large majority (19) of resultant solutions was in the near neutral range (pH 6 to 8).   

¶ Three samples produced solutions with acidic pH values (i.e. pH < 5).  The three samples (1451D_267, 
1401X_28, 1429R_42) were from locations close to coal units (see Table 4-10).   

¶ The concentrations of the elements in the leachate were for the vast majority of samples very low and 
less than guideline values.  

¶ The concentration of Se exceeded stock water guidelines for two of the samples at near neutral pH. 

¶ The other four exceedances were in acidic leachates (i.e. pH between 3.36 and 4.89). All samples 
generating these leachates were from locations adjacent to coal seams. 

¶ Elements that exceeded stock water guidelines were Al (1 sample), Ni (2 samples) and SO4 (1 sample).   

Coal and Roof 

Three undifferentiated coal samples and two roof samples were leached.  

¶ One undifferentiated coal sample (1410C_28) produced acidic leachate. 

¶ None of the samples produced leachate with metal concentrations that exceeded stock water guideline 
values. 

Static testing indicated that a small portion of undifferentiated coal samples were PAF.  Therefore, it is 
possible that solute release at concentrations in excess of guideline values will occur.  It is therefore 
recommended that further leach testing of coal and roof and floor materials is undertaken. This should 
include kinetic leach testing to provide information on acid generation and neutralisation rates.   

Salinity 

Some salinity was present in all the samples as indicated by the release of Na  (5 to 197 mg/L) and Cl (1 to 
234 mg/L).  Sulphate concentrations ranged from 1 mg/L to 1,180 mg/L.  The presence of sulphates indicate 
that some sulphide mineral oxidation products were present in the samples.   
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The average sulphate concentration was: 

¶ 157 mg/L for the samples of roof and coal material and  

¶ 123 mg/L for the overburden and interburden samples.  

An appreciable portion (>10%) of some elements (e.g. Ca, Cd, Mg, Mn, Mo, Na, Ni, SO4, Sr and Zn) in 11 of 
the solid samples were leached into solution from the solid.   

With the exception of Na and SO4, the leaching of the majority of these elements was associated with three 
samples.  These samples were 1410C_28 (coal) and two samples that were adjacent to coal units 
(1451D_267 and  1401X_28).     

It is possible that the leached elements are associated with dissolution of readily soluble salts (possibly 
sourced from contained pore water), or desorption from cation exchange sites on mineral surfaces 
(particularly in the case of major cations such as Na). The release of these species could be expected to 
occur over the short term (as a short term flush) and would be expected to diminish in the longer term.  

   

Table 4-10:  Samples with parameter concentrations that exceed ANZECC Guidelines 

Element pH Al Ni Se SO4 

Units pH Unit mg/L mg/L mg/L mg/L 

LOD 0.01 0.01 0.001 0.01 1 

ANZECC Guidelines  Stock Water  - 5 1 0.02 1000 

Sample ID Lithology 
Proximity 

to Coal      

1445D_240 
Carbonaceous 
Sandstone 

Distant 8.25 1.62 0.005 0.03 40 

1454D_288 Siltstone Distant 7.28 1.25 0.008 0.09 146 

1451D_267 Sandstone Adjacent 4.89 1.7 1.19 0.01 272 

1401X_28 Sandstone Adjacent 3.36 42.2 1.31 <0.01 550 

1429R_42 Clay Adjacent 4.73 1.44 0.112 <0.01 1180 

1410C_28 
Coal, 
undifferentiated 

Coal 2.94 4.01 0.259 <0.01 628 
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5. Geostatistical Assessment 

A geostatistical assessment was undertaken to assess the global and spatial variability of the measured 
values of total S and ANC. Specifically the objectives were to determine whether material classification data 
and AMD samples were sufficient in number and appropriately spaced to have: 

a) Confidence in the volumes and locations of the lithological groups.  

b) Confidence in the global, non-spatial, AMD parameter statistics (mean, variance and others) for the -
lithological groups. 

c) Confidence in the local spatial distribution and variability of AMD parameters within the lithological 
groups (from samples and locations). 

Geostatistical methods can assist in addressing the points listed under step (b). 

In most mining projects a much larger quantity of information is available on the material classification via 
geological logging than is available on the AMD parameters. Confidence in the quantities and proportions, as 
per point (a) above, of specific geological units is often assumed to be adequate and not require verification 
by statistical or geostatistical methods. 

The Kevins Corner project had a large resource drilling database with the majority of holes geologically 
logged. The geostatistical analysis focused on the confidence in the adequacy of sample spacing and 
examination of the total S and ANC distributions above particular thresholds, as per points (b) and (c) above. 

5.1 Total sulphur mean values  

For all groups except weathered coal, sufficient samples were assessed to establish whether the average 
sulphur content of each group was either below or above the 0.1% total S threshold at the 95% confidence 
level. 

In the weathered material there was 95% confidence that the mean total S content was less than 0.1 wt% for 
the following groups: clay and soil, sand and gravel, and REM (excluding the 2.36 wt% S sample). 

For the REM (including the 2.36 wt% sample) group the 0.1 wt% total S value was not within the 95% 
confidence limits. 

For the weathered coal group the 0.1 wt% total S value was not within the 95% confidence limits. 

No conclusion could be drawn for weathered Carbonaceous material as no samples were available for 
testing. 

The 0.2% and 0.3% total S thresholds for the fresh Carbonaceous and fresh Coal groups fall inside the 95% 
confidence intervals and we therefore do not have sufficient confidence that their mean is above or below 
these thresholds. 

Combining the Kevins Corner and Alpha data for the fresh Carbonaceous group and calculating the 95% 
confidence interval on the mean gives an interval from 0.153 to 0.304 % total S. The 0.2 % and 0.3% 
thresholds are still within this interval. 

More sampling of the fresh Carbonaceous group, is required if 0.2% or 0.3% total S become the critical 
thresholds of interest. 

5.1.1 Sample spacing 

The combined Alpha and Kevins Corner data indicate that sample spacing of 1000 m x 1000 m is adequate 
for interpolation and extrapolation of total S and ANC for Kevins Corner for all lithology groups and for the 
coal seams. 
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In the eastern half of the proposed open pit the sampled drillhole locations were approximately on a 
1000 m x 1000 m grid and were therefore adequately spaced. Toward the western end of the proposed open 
pit the samples were collected from drillholes spaced at greater than 1000 m x 1000 m. Thus, in this region 
there is less confidence in the expected distribution of total sulphur grade. However, drill spacing in this area 
does not exceed approximately 2000 m and therefore based on variography at Alpha and KC the overall 
distribution of holes at Kevins Corner is considered adequate. 

5.1.2 Probabilities of exceeding Total S thresholds 

For groups where the mean total S value of analysed samples is below the threshold of interest there is still a 
chance that some areas/tonnages within each group will have total S values higher than values that may be 
considered  low risk on the basis of the sulphur content. The probability of a 100 m x 100 m x 2 m block, 
which is the likely scale of selectively mining overburden, of a particular group exceeding specific thresholds 
was reported in Appendix 2.  

Two key findings were that the probability of the total S content exceeding 0.1 wt% for both the fresh 
Carbonaceous and coal group materials mined on a 100 m x 100 x 2 m block were estimated to be 100%. 

Small numbers of samples for some groups, such as the fresh Carbonaceous group, limit the accuracy and 
precision of the estimated overall proportions of a group above any given total S threshold. However the 
similarity of the statistical distributions total sulphur content with those of the Alpha project give added 
confidence to the global statistics. 

5.1.3 Mining selectivity 

Aside from coal, the Carbonaceous units contain the highest total S values but form a relatively small 
proportion, approximately 4%, of the fresh overburden. A better understanding of the spatial locations and 
thickness of the various Carbonaceous units is required to understand if they are likely to be mined in 
significant volumes, and whether they will be placed separately or will be mixed in with the majority of 
overburden material. SRK understands that HGPL has committed to selective mining of potentially 
problematic units if they can be visually identified or identified by geochemical and geological testing. 

In some areas the Carbonaceous material may be thick enough to mine separately as it is likely to be a 
distinctly different colour to other groups and visual selection may be possible. In other areas the 
occurrences will be too thin to be mined selectively. 

The resource drilling database for Kevins Corner shows that over the entire drillhole length: 

¶ 75% of Carbonaceous group material exists as downhole intervals > 0.5 m long 

¶ 60% as intervals >1 m long; and  

¶ 40% > 2 m long 

5.1.4 Recommendations 

Additional drilling and geochemical characterisation that includes total sulphur analysis should be conducted 
to improve the estimate of the total sulphur distribution in the western region of the Kevins Corner pit.  SRK 

understand that HGPL has committed to this and has plans for infill drilling and geochemical sampling. 
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6. Dispersivity Assessment 

6.1.1 Introduction 

Sodic soils can be dispersive when wet. In non-dispersive soils, the clay fraction remains flocculated in still 
water, and the water needs to be flowing above a threshold velocity to cause erosion.  By contrast, there is 
no threshold velocity for dispersive soil, the clay particles go into suspension even in still water and therefore 
are highly susceptible to erosion and piping. 

The potential for dispersivity is determined primarily by the mineralogy and chemistry of the clay fraction of 
the material, and by the dissolved salts in the pore and eroding fluids.  The presence of exchangeable 
sodium is the principal chemical factor contributing to the soil dispersion. The exchangeable sodium 
percentage (ESP) is determined by measuring the concentration of all the exchangeable cations (Cation 
Exchange Capacity or CEC) in the soil and expressing the amount of exchangeable sodium as a percentage 
of the CEC.   

Another property that governs the susceptibility of clayey soils to dispersion is the total content of dissolved 
salts (TDS, also assessed indirectly as electrical conductivity, EC) in the soil pore or eroding water. 
Generally, the lower the TDS or EC, the greater the susceptibility of sodium saturated soils to dispersion.  
Soils with high content of dissolved salts may remain flocculated even if the ESP is high.  

Thus, for a given eroding fluid, the boundary between the flocculated and deflocculated (when dispersion can 
occur) states depends on the mineralogy and sodium content of the clay, the salt concentration of pore water 
and the eroding water. 

Dispersion is assessed for mine overburden materials as the rapid erosion of these materials can cause 
tunnel erosion and gullying in the overburden emplacements, which can affect their long term stability and 
sustainability. In addition to having a high susceptibility to gully erosion, sodic soils can also show severe 
surface crusting, low infiltration and hydraulic conductivity and hard, dense subsoils. 

6.1.2 Testing for Dispersivity 

Dispersivity can be assessed by means of chemical tests to ascertain potential causes of dispersion, or by 
physical tests to observe the effect of dispersion.  It is recommended that a variety of tests be conducted, 
because dispersion is not well identified by a single test.    

For this project, the following three tests were used to assess dispersion potential:     

¶ Exchangeable sodium percentage (ESP) and cation exchange capacity (CEC) 

¶ Electrical conductivity (EC) 

¶ Emerson aggregate test 

Chemical dispersivity tests comprise the ESP, CEC and EC tests, whereas the Emerson aggregate test is a 
physical test.   

For the ESP and CEC  a sub-sample of material was dried and pulverised to better than 85% passing 
75 microns as pulp.  The EC (1:5) was also performed on the pulp.  The Emerson aggregate test was tested 
“as received” with no further sample preparation. 

An ESP greater than 6% may indicate dispersive properties, and greater than 15% indicates highly 
dispersive properties.  However, factors such as clay type (determined indirectly from the CEC) and total 
dissolved salts (assessed using the EC) govern the overall behaviour of the material.  Materials with a CEC 
less than 15 meq/100g are generally classified as non-dispersive (Gerber and von Maltitz Harmse, 1987).   A 
high dissolved salt content may mask the effect of the high sodium content, which can cause soils with a 
high ESP to behave as a non-dispersive material.   

A chart for predicting dispersion based on the ESP and EC is given in Figure 6-1 (Rengasamy et al. 1984).  
This takes the sodium percentage as well as the effect of dissolved salts into consideration.  Materials with 
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low ESP are classed as non-dispersive; materials with high ESP and low EC are classed as dispersive; and 
materials with high ESP and high EC are classed as potentially dispersive.  Soils in the last category can 
revert to a dispersive behaviour by either leaching of the high salt content, or by mechanical re-working of 
the materials. (The chart shows EC in units dS/m, converted from the laboratory test values reported in units 
of µS/cm by dividing by 1000.) 

Figure 6-1 provides a guide to the dispersive nature of many soils. However, it was developed specifically for 
the surface soils (red-brown earths) in south eastern Australia and this should be considered when using it to 
assess sub-surface materials.   

The Emerson aggregate test (also called the crumb test) is a simple and effective test to assess dispersivity.  
A block of soil (about 2cm in diameter) is placed in still water and the reaction between soil and water 
(slaking or dispersion) noted.  If no reaction occurs, the sample is remoulded and placed back into solution, 
which is then shaken, to stimulate reaction.  The sample is also tested for gypsum.   A flow chart for the 
testing and classification of soils using this test is shown in Appendix 8 together with photographic examples 
of highly dispersive, slightly dispersive and non-dispersive samples.   

6.1.3 Sample Selection 

Dispersivity testing was conducted on samples from Kevins Corner (34 and 17 samples were submitted for 
physical and chemical testing respectively).  The samples selected are shown in Table 6-1 and cover all 
major material types and weathering grades, with emphasis on materials more likely to show dispersive 
behaviour.  

Table 6-1:  Sample selection 

Lithology Group Rock type 
Number of Samples: 

Emerson Testing 
Number of Samples: 

Chemical Testing 

Coal Coal 2 1 

Clay and Soil Clay (weathered layers) 6 2 

 Soil 2 1 

Carbonaceous Carb. Mudstone 2 1 

 Carb. Shale 3 2 

 Carb. Sandstone 2  

Remaining Mudstone 3 3 

 Siltstone 7 4 

 Sandstone 5 3 

 Laterite 1  

 Claystone 1  

6.1.4 Test Results 

Test results are provided in Appendix 9.  An assessment of the dispersivity of each sample is shown in Table 
6-2.    

Table 6-2:  Assessment of Dispersivity  

Sample ID 
Lithology 

Group 
Rock Type Weathering 

Emerson 
Test 

CEC & 
ESP 

ESP vs 
EC 

Chart 

Assessed 
Dispersivity 

1429R - 194 Coal Coal FR S S P Slightly 

1429R - 196 Coal Coal FR N 
  

Nondispersive 

1412C - 171 Carbonaceous Carb. Mudstone FR N N P Nondispersive 

1453D - 278 Carbonaceous Carb. Mudstone FR S 
  

Slightly 

1434D - 213 Carbonaceous Carb. Sandstone FR L 
  

Slightly 
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Sample ID 
Lithology 

Group 
Rock Type Weathering 

Emerson 
Test 

CEC & 
ESP 

ESP vs 
EC 

Chart 

Assessed 
Dispersivity 

1445D - 240 Carbonaceous Carb. Sandstone FR L 
  

Slightly 

1429R - 192 Carbonaceous Carb. Shale FR S 
  

Slightly 

1445D - 235 Carbonaceous Carb. Shale FR N D P Nondispersive 

1454D - 288 Carbonaceous Carb. Shale FR S N P Slightly 

1397D - 137 Clay/Soil Clay HW D S 
 

Dispersive 

1402C - 152 Clay/Soil Clay HW S 
  

Slightly 

1403D - 160 Clay/Soil Clay MW D 
  

Dispersive 

1403D - 161 Clay/Soil Clay SW S 
  

Slightly 

1414X - 175 Clay/Soil Clay CW D 
  

Dispersive 

1451D - 264 Clay/Soil Clay CW S N P Slightly 

1402C - 151 Clay/Soil Soil CW N 
  

Nondispersive 

1453D - 275 Clay/Soil Soil CW N N P Nondispersive 

1412C - 166 Remaining Laterite CW S 
  

Slightly 

1389R - 102 Remaining Siltstone CW D 
  

Dispersive 

1414X - 177 Remaining Siltstone CW D D P Dispersive 

1434D - 206 Remaining Claystone HW S S P Slightly 

1412C - 167 Remaining Siltstone HW S D P Dispersive 

1388R - 96 Remaining Sandstone HW D 
  

Dispersive 

1429R - 191 Remaining Mudstone MW D D P Dispersive 

1397D - 138 Remaining Siltstone MW S 
  

Slightly 

1434D - 207 Remaining Sandstone MW S 
  

Slightly 

1397D - 141 Remaining Sandstone SW S N P Nondispersive 

1429R - 193 Remaining Mudstone FR L N P Nondispersive 

1454D - 289 Remaining Mudstone FR L 
  

Nondispersive 

1389R - 107 Remaining Sandstone FR N N P Nondispersive 

1453D - 279 Remaining Sandstone FR S S P Slightly 

1412C - 170 Remaining Siltstone FR L N D Nondispersive 

1451D - 265 Remaining Siltstone FR L 
  

Slightly 

1454D - 286 Remaining Siltstone FR N S P Nondispersive 

Where D = dispersive, S = slightly dispersive, L= slightly dispersive when remoulded, P = potentially dispersive and N = nondispersive 

The ESP versus EC chart (Figure 6-1) shows that all the samples except one would be classed as potentially 
dispersive (Class 2B) due to their high exchangeable sodium percent but high dissolved salt content. This 
indicates that the materials may become dispersive when leached without the addition of calcium 
compounds, and if there is no generation of electrolytes due to mineral weathering.   
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Figure 6-1:  ESP and EC (dS/m) chart (Rengasamy et al. 1984)  

Where samples were submitted for both physical and chemical testing, there was reasonable agreement in 
their classification by both methods.  The slightly dispersive materials tended to show more variability 
between the physical and chemical test results.  

6.1.5 Conclusions 

The general dispersivity characteristics of each material type is summarised in Table 6-3.   

Table 6-3:  General dispersivity characteristics of each material type  

SRK Group Weathering General dispersive characteristics 

Coal Fresh Non dispersive to slightly dispersive 

Carbonaceous Fresh Non dispersive to slightly dispersive 

Soil and clay Soil Non dispersive 

 Clay - highly to completely weathered Dispersive or slightly dispersive 

Remaining Moderately, highly and  completely weathered Dispersive or slightly dispersive 

 Slightly weathered or fresh Non dispersive to slightly dispersive 

All groups showed some potential for dispersive behaviour.  Soils, coal and Carbonaceous and slightly 
weathered Rem material generally displayed non dispersive to slightly dispersive characteristics.  More 
weathered materials (clay or material from the Rem group) were characterised as slightly to highly 
dispersive.   

The dispersive characteristics of the material may contribute to erosion of the overburden emplacements.  
Thus, suitable precautions should be taken to prevent water flow over or ponding on the overburden 
emplacements.  This will minimise physical gully erosion of the dispersive materials and reduce leaching of 
excess salts, which act to prevent dispersive behaviour.  The use of shallow or concave slopes (with 
steepest gradient at the top of the slope and reduced gradient at the toe of the slope) has been 
recommended to minimise gully formation (Loch, 2005; Vacher et al, 2004).  In addition, good compaction 
may assist in reducing ingress of water into the slopes.   

Storage of the clays and weathered materials within the core of the storage areas is recommended as these 
materials have the highest dispersion characteristics.  SRK understands that HGPL has committed to storing 
highly saline/sodic overburden within the core of the out-of-pit and in-pit storage areas.   
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7. Conclusions  

Acidity, Salinity, Metals  

The following findings are based on paste pH and paste EC testing of 294 samples and static leach test of 
29 samples. 

Overburden and interburden: 

¶ The large majority of overburden and interburden that is not immediately adjacent to coal seams is not 
likely to be a source of acid immediately after mining. 

¶ There was limited evidence (one leached sample) that overburden and interburden samples from 
locations close to coal units that would not be mined could release acid.  

¶ Some overburden and interburden materials could be potential sources of salts (salinity).  Whilst 
elevated soluble salts may be released from the samples over a range of pH values, the largest 
concentration of soluble salts would be released in the near neutral range between pH 5 and 8. 

¶ The concentrations of metals in leachates were for the vast majority of samples very low.  

¶ The small number of samples (3) that had higher metal releases in leach tests, originated from locations 
adjacent to coal seams and had acidic pH values. 

¶ There was some evidence (two samples) that concentrations of selenium may be elevated at near 
neutral pH for a small amount of material. 

Coal, roof, floor and processed coal products: 

¶ Non-coal roof and floor materials may be associated with salt release over a range of pH values at a 
range of concentrations  

¶ Non-coal roof and floor materials are not likely to be sources of acid. 

¶ Undifferentiated coal is not likely to be a source of acid but may be a source of readily available salts. 

¶ Weathered coal is unlikely to be a significant source of readily available soluble salts or acid. 

¶ Coal rejects is potentially sources of acid (based on one sample). 

¶ Coal rejects material is potentially a source of soluble salts (based on one sample). 

¶ Coal tailings is unlikely to be a source of acid (based on one sample). 

¶ Coal product is unlikely to be a significant source of readily available soluble salts but is possibly a 
source of acid (based on one sample).  

¶ Three undifferentiated coal samples were leach tested. No metals were leached from these samples at 
elevated concentrations and most metals were at very low concentrations. 

 

Potential AMD 

There was generally good agreement in sample classification by the modified NPR and AMIRA methods 
(Figure A). 

The vast majority of overburden and interburden samples (representing 3.1 billion tons of overburden) were 
NAF. Depending on the classification scheme, 4 to 8% of the samples were PAF. However, many of the PAF 
samples had low capacity to produce acid (i.e. NAPP ≤ 5 kgH2SO4/t).  
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For example, of the eleven samples classified PAF under the NPR scheme eight samples had  low capacity 
to generated acid. Under the AMIRA scheme four of the six PAF samples had a low capacity to produce 
acid. 

The coal product, tailings and coarse rejects would all be classed PAF. The coal product had a low capacity 
to produce acid. 

Of the 19 Fresh Carbonaceous group samples none were classed as PAF. No weathered Carbonaceous 
samples were available for characterisation.  

Acid production and Neutralising Capacity 

The distribution of overburden and mixing during mining would likely result in acid produced in one localised 
region contacting nearby neutralising materials.  Thus, leachate quality will generally be determined by 
average properties.  

For the overburden and interburden lithology groups the average acid neutralising capacity (ANC) exceeds 
acid potential (AP) and the neutralisation potential ratio (NPR) is greater than or equal to five.  

This indicates that the on average there is adequate neutralising capacity to neutralise acid that is formed.  
However, actual leachate quality will depend on the localised distribution of overburden and the rate of 
neutralising of acid. 

For the coal and coal product the average NAPP values indicate that there is more neutralising capacity than 
acid potential but the NPR value indicates that the excess may not be enough to ensure all leachate remains 
neutral. 

Carbonaceous Roof and Floor, Rem Roof and Floor have excess neutralising capacity (negative NAPP and 
NPR > 3).  

For the Tailings -250 µm and Rejects +250 µm samples the NAPP and NPR indicate that both would be 
PAF. However, the potential to produce acid for the tailings is low and much less than that of the rejects (1.7 
compared to 61.3 kgH2SO4/t). 

Dispersivity 

Samples from all lithology groups showed some potential for dispersive behaviour. The general dispersivity 
characteristics of each material type are summarised in below.   

Table 7-1:  General dispersivity characteristics of each material type  

SRK Group Weathering General dispersive characteristics 

Coal Fresh Non dispersive to slightly dispersive 

Carbonaceous Fresh Non dispersive to slightly dispersive 

Soil and clay Soil Non dispersive 

 Clay - highly to completely weathered Dispersive or slightly dispersive 

Remaining Moderately, highly and  completely weathered Dispersive or slightly dispersive 

 Slightly weathered or fresh Non dispersive to slightly dispersive 

 
 
Material Sampling Frequency 

Sample Spacing 

Experimental variography indicates that sampling from drillholes space on 1000 m x 1000 m grid is adequate 
for interpolation and extrapolation of total S and ANC in all overburden and interburden lithology groups and 
for the coal group. 
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In the eastern half of the proposed open pit the sampled drillhole locations were approximately 
on1000 m x 1000 m grid and were therefore adequately spaced. Toward the western end of the proposed 
open pit the samples were collected from drillholes spaced at greater than 1000 m x 1000 m. Thus, in this 
region there is less confidence in the expected distribution of total sulphur grade. However, drill spacing in 
this ara and do not exceed approximately 2000 m and therefore based on variography at Alpha and KC the 
overall distribution of holes at Kevins Corner is considered adequate. 

Total Sulphur Distribution 

Weathered material 

In the weathered material there was 95% confidence that the mean total S content was less than 0.1 wt% for 
the following groups:  

¶ clay and soil,  

¶ sand and gravel, and  

¶ REM (excluding the 2.36 wt% S sample). 

For the weathered coal and the REM (including the 2.36 wt% sample) groups the 0.1 wt% total S value was 
not within the 95% confidence limits of the value of the mean total S content. 

No conclusion could be drawn for weathered Carbonaceous material as no samples were available for 
testing. 

Fresh material 

There is 95% confidence that the mean total sulphur content for the Coal and Carbonaceous groups do 
exceed the 0.1 wt%. 

For the Fresh Carbonaceous and Fresh Coal groups there were insufficient results to demonstrate to the 95
th
 

percentile confidence interval that the mean total sulphur content is above or below 0.2 or 0.3 wt%. 

Combining the Kevins Corner and Alpha results for the Fresh Carbonaceous group indicate at the 95% 
confidence level that the mean total S value was within the interval 0.153 to 0.304 wt%. 

The probability of the total sulphur content exceeding 0.1 wt% for both the Fresh Carbonaceous and coal 
group materials mined on a 100 m x 100 x 2 m block were estimated to be 100%. However, none of the 
Carbonaceous samples were classed PAF, 
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8. Recommendations  

Based on the information currently available: 

¶ The majority of overburden should be managed as non-acid forming material.  However, there is 
potential for existing salinity to be washed from some overburden in response to rainfall 
events.  Consequently, containment of run-off and water quality monitoring may be required depending 
on the sensitivity of ground and surface water to salinity. The results indicate that water quality 
predictions for the disturbed mine overburden are warranted. 

¶ More samples of coal, roof, floor, coal rejects and coal tailings and some  weathered Carbonaceous 
material should be characterised to improve the robustness of the current assessment of the 
geochemical characteristics of these materials.  

¶ Until a more robust assessment of the coal rejects has been conducted they should be considered as 
PAF and appropriate management strategies should be considered. 

¶ Additional drilling should be conducted toward the western end of the proposed open pit as mining 
progresses. Samples from the holes should be collected and geochemically characterised). 

¶ Samples of selected major lithologies should be kinetically tested to determine the rates of acid 
production, acid neutralisation and metals release. Samples with total sulphur contents above and 
below 0.1 wt% should be tested. Data produced should be used in conjunction with other test results to 
confirm that materials with a total sulphur content of less than 0.1 wt% are NAF. 

¶ Suitable precautions should be taken to prevent water flowing over or ponding on the overburden 
emplacements to minimise physical erosion of the dispersive materials, and to prevent leaching of salts, 
which can mitigate dispersive behaviour.  Good compaction may also help prevent ingress of water into 
the slopes.  The use of flat slopes (<5% gradient if possible) or concave slopes (with steepest gradient 
at the top of the slope and reducing the gradient as slope length and quantity of runoff increase) is 
recommended to minimise any potential for gully formation. 
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Appendix 1:  Sample Information 
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Appendix 2:  Geostatistics 
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Appendix 3:  Acid Base Account 
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Appendix 4:  Acid Buffering Characteristic Curves 
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Appendix 5:  Whole Rock Multi Element Assay 
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Appendix 6:  Global Abundance Index 
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Appendix 7:  Elemental Composition of Leachate 
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Appendix 8:  Emerson Test Classification 
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Appendix 9:  Dispersivity Data 
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Appendix 10: Location of PAF samples 
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