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Kinetic Testing of Black Shale from Brockman Syncline 2 (BS2) 
 
Dear Maree 
 
This memorandum summarises the results from kinetic test work undertaken on 
black shale from the Brockman Syncline 2 project. This work was undertaken 
through numerous reports and to allow easy interpretation, the results from the 
numerous reports, memorandums and data files have been summarised within 
this memorandum.  
 
We trust that the information within this memorandum satisfies your request for 
more information on the column leach experiments specific for BS2 black shale. 
 
 
Regards 
 
Yours faithfully 
 
 
 
 
 
Dr Rosalind Green 
Specialist Environmental Engineer 
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Context 
 
In total, 148 samples from BS2 have been characterised using standard acid 
base accounting methodology. This test work has been ongoing since 2007 and 
results from the 2010 test work and column leach experiments are summarised 
within this memorandum. The column leach experiments were undertaken by 
Graeme Campbell, interpreted by SRK, with analytical support from SGS 
Australia pty ltd and Genanalysis Laboratory Services pty ltd.  A summary of the 
standard methodologies that RTIO normally use to geochemically characterise a 
sample are included at the end of this document. 
  
Static Acid Base Accounting (ABA) 
A Reverse Circulation drilling program was undertaken to obtain samples for 
geochemical characterisation. Two black shale samples were collected from this 
drilling program and were classified as Uncertain – NAF based on static acid 
base accounting. This is despite the samples having a totals sulfur concentration 
of 0.8% and 2.2%. A summary of the static ABA results for the samples are within 
Table 1. 
 
Table 1: Static ABA test results for two black shale samples. 

SAMPLEID pH_PASTE1_2 EC_PASTE1_2 S_LECO_pct S_SULFATE_pct S_SULFIDE_pct
 pH units dS/m pct pct pct 

EAW095 7 0.21 0.78 0.05 0.73 
EAW096 5.4 0.80 2.21 0.15 2.06 

 

SAMPLEID NAG_pH NAG_pH4_5 NAG_pH7 
  kg H2SO4/t kg H2SO4/t 

EAW095 7 <0.1 <0.1 
EAW096 6.3 <0.1 1 

 
 

SAMPLEID ANC MPA NAPP_1 NPR_1 AP 
 kg H2SO4/t kg H2SO4/t kg H2SO4/t  kg H2SO4/t 

EAW095 2.7 23.9 19.6 0.1 22.3 
EAW096 <0.5 67.6 62.5 <1 63.0 

 
 

SAMPLEID C_LECO_pct ADJ_MOIST ADJ_IOR CARB_NP ARD_CLASS 
 pct pct kg O2/kg mat/s*(10-11) kg H2SO4/t  

EAW095 6.77   553 UC(NAF) 
EAW096 8.15 8 14.6 665 UC(NAF) 

 
 
In addition to standard ABA tests RTIO also arranged mineralogical analysis for 
the sample with the largest sulfur content (Table 2). 
 
Table 2: Mineralogical (XRD) results for sample EAW096. 

Phase Concentration (wt% of sample) 
Amorphous/unknown content 29.5 
Quartz 51 
Hematite 7.3 
Alunite 12.2 
 
The mineralogical test work identified the sulfate mineral alunite 
(KAl3(SO4)2(OH)6) as the primary sulfur mineral and no sulfides (pyrite) were 
detected. This mineralogical investigation found that the sulfide sulfur content 
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reported in Table 1 is likely incorrect and therefore the static ABA testwork 
overestimated the acid generating potential. The generally accepted analytical 
procedure to determine sulfate in solids is to complete a hydrochloric acid 
digestion of the sample and then determine the sulfate that has been released. 
However, alunite is insoluble under the conditions of the analytical laboratory 
method. Therefore, the sulfate sulfur associated with alunite is not recovered by 
the analysis and is incorrectly reported as sulfide sulfur. 
 
Multi element analysis was conducted on a solid sample (Table 3) and a liquid 

olid enrichment of sulfur, arsenic, bismuth, antimony and selenium were 

he samples generated negligible acidity in the NAG test, but were classified 

extract (2 parts water to 1 part solid) (Table 4). Since the physical and chemical 
conditions of the leach test will not be the same as those expected in the ‘as 
placed’ environment (eg. Solubility constraints, liquid to solid ratios 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 however useful to provide 
an indication of the readily leachable elements that may be present. 
 
S
identified when concentrations were compared to crustal abundance (see Green 
2010 for methodology). The leach tests indicate that some salinity is present as 
indicated by the release of sodium. Sulfur (as sulfate) release also indicates that 
there are some sulfur mineral oxidation products within the sample. Trace 
element concentrations other than iron and boron were generally low. 
 
T
UC(NAF) because they had a positive NAPP. As the NAGpH(Ox) was greater 
than 4.5 the acidity in these samples is associated with dissolved metals. Whilst 
the sulfur content of sample EAW096 was a modest 2.2%, the high alunite 
content of 12.2% suggests that the majority of sulfur was present as sulfate. The 
black shale samples had negligible acid neutralising capacity. 
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Table 3: Concentration of elements in solid. 

Element Ag  Al  As  Au  B  Ba  Bi  C  Ca  Cd  Co  Cr  
Method ICP/AES ICP/AES ICP/AES   ICP/AES ICP/AES ICP/AES LECO ICP/AES ICP/AES ICP/AES ICP/AES 

Units ppm pct ppm ppm ppm ppm ppm pct pct ppm ppm ppm 
EAW096 0.28 7.41 332 0.01 60 750 2.94 8.15 0.007 0.09 8.3 137 

 
Element Cu  F  Fe  Hg  K  Mg  Mn  Mo  Na  Ni  P  Pb  
Method ICP/AES SIE ICP/AES ICP/MS ICP/AES ICP/AES ICP/AES ICP/AES ICP/AES ICP/AES ICP/AES ICP/AES 

Units ppm ppm pct ppm pct pct pct ppm pct ppm pct ppm 
EAW096 55.7 1050 7.06 0.08 3.22 0.63 0.008 11.3 0.030 45.1 0.052 54.2 

 
Element S  Sb  Se  Si  Sn  Sr  Th  Ti  U  V  Zn  
Method ICP/AES ICP/AES ICP/MS ICP/AES ICP/AES ICP/AES ICP/MS ICP/AES ICP/MS ICP/AES ICP/AES

Units pct ppm ppm pct ppm ppm ppm pct ppm ppm ppm 
EAW096 2.21 10.8 6 29 6.3 65.4 20.8 0.28 3.4 95 34 

 
 
Table 4: Concentrations during leach tests. 

Element pH_LIQUID SO4 Cu Zn Cr Al Fe Mn Ca K Mg Na Co 
Method   ICP/MS ICP/AES ICP/MS ICP/MS ICP/MS ICP/AES ICP/MS ICP/MS ICP/AES ICP/AES ICP/AES ICP/AES 

Units   mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
EAW096 6.5 120 <0.05 <0.05 <0.05 <0.5 1 <0.05 5 15 <5 60 <0.05 

 
 

Element Ni B As Pb Ba Sb Se U Mo Cd Ag Hg 
Method ICP/AES ICP/MS ICP/AES ICP/AES ICP/AES ICP/MS ICP/AES ICP/AES ICP/AES ICP/AES ICP/MS FIMS 

Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
EAW096 <0.05 1 <0.05 <0.05 <0.5 <0.05 <0.05 <0.005 <0.05 <0.05 <0.05 <0.00025 
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Kinetic Column Leach Experiment 
The data from the column experiment on black shale EAW096 is within Table 5. 
The leachate pH from the black shale column was variable but remains near-
neutral throughout the test, typically between pH 6 and 7.5 (Figure 1).  The 
sulfate concentration is highest at Week 0, and decreases in subsequent 
leaches.  Similar trends are shown by several other elements (e.g. As, Ca, Cl, K, 
Mg, Na, Se, Si and Zn). These higher concentrations at early times reflect 
leaching of readily soluble salts from the materials.   

Readily soluble salts are expected to leach completely from the columns in the 
early stages.  In later stages of the tests, there are two possible sources of 
solute: 

• Solute derived as a product of oxidation of sulfide in the samples.  
Between leach events, the samples are maintained in a moist, aerated 
condition. It is expected that sulfides present will oxidise.  Such oxidation 
will result in accumulation of sulfate, iron and other metals as reaction 
products; 

• Solute derived from dissolution of less readily soluble minerals in the 
materials, e.g. alunite, silicates and aluminosilicates.  Although not 
readily soluble, some limited amount of dissolution is expected during 
each leach event. 

 

 
 
Figure 1: Leachate pH and sulfate concentration as a function of time. 

 
The dominant source of sulfate in long term leachates from the black shale 
column is dissolution of alunite. This conclusion is based on the observation that 
the mass of dissolved sulfate in the column leachate does not fluctuate in 
response to variation in the leachate frequency. 
 
Sulfur, arsenic, bismuth, antimony and selenium were previously identified in the 
static test work as enriched compared to the crustal abundance. However in the 
leach experiments antimony concentrations were low. Arsenic concentrations 
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were slightly elevated during the first flush of the column but thereafter low. 
Selenium concentrations were slightly elevated initially but concentrations were 
low for the last 4 months that the column operated. Bismuth was not monitored 
however there does not appear to be a great deal of literature in regard to 
bismuth toxicity levels that could have been used to determine acceptable levels. 
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 Table 5: Column leachate assay data for black shale sample EAW096. 
  

 

Date Phase Week Volume mL pH Cond. Acidity Alkalinity Sulphate Chloride Fluoride Al Sb As B Ba Cd Ca Cr Co Cu 
      Input Output   umhos/cm (pH 8.3)                             
              mgCaCO3/L mgCaCO3/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

LOD         0.10 2 5 5 1 1 0.10 0.01 0.00001 0.0001 0.01 0.00005 0.00002 0.01 0.01 0.0001 0.01 
8/01/2010 Pre-rinse 0 3000 2030 6.6 2100 6 14 1300 38 <0.1 <0.01 0.00013 0.0212 0.09 0.02122 0.00022 386.53 <0.01 0.0082 <0.01 

16/01/1900 Wetting 1 200 0                                   
24/01/1900 Wetting 2 200 0                                   
30/01/1900 Wetting 3 200 0                                   
6/02/2010 Flush 4 900 350 6.4 370 5 8 180 54 0.1 0.02 0.00025 0.0062 0.16 0.01697 0.00004 59.62 <0.01 0.0009 <0.01 

13/02/2010 Wetting 5 200 0                                   
20/02/2010 Wetting 6 200 0                                   
27/02/2010 Wetting 7 200 0                                   
6/03/2010 Flush 8 900 390 5.1 480 12 < 5 210 8 0.1 < 0.01 0.00006 0.0048 0.15 0.02181 0.00008 68.28 < 0.01 0.0012 < 0.01 

13/03/2010 Wetting 9 200 0                                   
20/03/2010 Wetting 10 200 0                                   
27/03/2010 Wetting 11 200 0                                   
3/04/2010 Flush 12 900 400 6.9 290 6 7 150 7 0.2 < 0.01 0.00005 0.0036 0.16 0.01623 0.00006 44.82 < 0.01 0.0009 < 0.01 

10/04/2010 Wetting 13 200 0                                   
17/04/2010 Wetting 14 200 0                                   
24/04/2010 Wetting 15 200 0                                   
1/05/2010 Flush 16 900 430 7.3 210 5 8 91 6 0.1 < 0.01 0.00005 0.0024 0.1 0.02159 0.00005 29.18 < 0.01 0.0007 0.02 
8/05/2010 Wetting 17 200 0                                   

15/05/2010 Wetting 18 200 0                                   
22/05/2010 Wetting 19 200 0                                   
29/05/2010 Flush 20 900 450 6.3 120 10 9 57 5 0.2 < 0.01 0.00005 0.0022 0.09 0.02423 0.00003 19.21 < 0.01 0.0004 < 0.01 
5/06/2010 Wetting 21 200 0                                   

12/06/2010 Wetting 22 200 0                                   
19/06/2010 Wetting 23 200 0                                   
26/06/2010 Flush 24 900 500 7.5 130 < 5 16 41 5 0.2 < 0.01 0.00005 0.0018 0.08 0.03026 < 0.00002 17.41 < 0.01 0.0003 < 0.01 
3/07/2010 Wetting 25 200 0                                   

10/07/2010 Wetting 26 200 0                                   
17/07/2010 Wetting 27 200 0                                   
24/07/2010 Flush 28 900 500 7.4 120 5 15 32 4 0.2 < 0.01 0.00006 0.00180 0.08000 0.03970 0.00003 15 < 0.01 0.0003 < 0.01 
31/07/2010 Wetting 29 200 0                                   
7/08/2010 Wetting 30 200 0                                   

14/08/2010 Flush 31 900 460 7 110 < 5 15 32 3 0.2 0.02 0.00006 0.0017 0.10 0.0437 0.00012 14 < 0.01 0 < 0.01 
21/08/2010 Flush 32 900 610 7.1 100 < 5 14 26 3 0.2 0.02 0.00007 0.0018 0.11 0.0540 0.00026 12 < 0.01 0 < 0.01 
28/08/2010 Wetting 33 900 0                                   
4/09/2010 Wetting 34 200 0                                   

11/09/2010 Wetting 35 200 0                                   
18/09/2010 Wetting 36 900 0.61                                   
25/09/2010 Wetting 37 200 0                                   
2/10/2010 Wetting 38 200 0                                   
9/10/2010 Wetting 39 200 0                                   

16/10/2010 Flush 40 900 0.61 6.9 84 < 5 10 22 2 0.2 0.03 0.00006 0.0022 0.20 0.0732 < 0.00002 9 < 0.01 0.0002 < 0.01 
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Table 5 continued…. 
 

Date Fe Pb Mg Mn Hg Mo Ni P K Se Si Ag Na Sr Th Ti Sn U V Zn 
                                          
  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

LOD 0.01 0.0005 0.01 0.01 0.0001 0.00005 0.01 0.1 0.1 0.0005 0.05 0.00001 0.1 0.00002 0.000005 0.01 0.0001 0.000005 0.01 0.01 
8/01/2010 <0.01 <0.0005 90.12 0.06 <0.0001 0.00031 0.03 0.1 47.9 0.2289 8.31 <0.00001 54.8 0.18336 0.000043 <0.01 <0.0001 0.000011 <0.01 0.14 

16/01/1900                                         
24/01/1900                                         
30/01/1900                                         
6/02/2010 0.03 0.0015 4.96 <0.01 0.0001 0.0003 <0.01 <0.1 11.2 0.0379 6.06 <0.00001 7.2 0.07007 <0.000005 <0.01 <0.0001 <0.000005 <0.01 0.09 

13/02/2010                                         
20/02/2010                                         
27/02/2010                                         
6/03/2010 < 0.01 0.0005 6.41 < 0.01 < 0.0001 0.00046 < 0.01 < 0.1 14.1 0.0543 6.53 < 0.00001 8.9 0.09104 < 0.000005 < 0.01 < 0.0001 < 0.000005 < 0.01 0.06 

13/03/2010                                         
20/03/2010                                         
27/03/2010                                         
3/04/2010 0.07 0.0006 4.76 < 0.01 < 0.0001 0.00051 0.01 < 0.1 10.2 0.0356 5.56 < 0.00001 6.3 0.05777 < 0.000005 < 0.01 < 0.0001 0.000005 < 0.01 0.05 

10/04/2010                                         
17/04/2010                                         
24/04/2010                                         
1/05/2010 < 0.01 0.001 3.38 < 0.01 < 0.0001 0.0007 < 0.01 < 0.1 7 0.023 4.85 < 0.00001 3.9 0.04463 < 0.000005 < 0.01 < 0.0001 0.000016 < 0.01 0.05 
8/05/2010                                         

15/05/2010                                         
22/05/2010                                         
29/05/2010 < 0.01 0.0007 2.26 < 0.01 0.0001 0.00088 < 0.01 < 0.1 5 0.0143 4.26 0.00003 2.4 0.03411 < 0.000005 < 0.01 < 0.0001 0.000016 < 0.01 0.03 
5/06/2010                                         

12/06/2010                                         
19/06/2010                                         
26/06/2010 < 0.01 < 0.0005 1.94 0.03 < 0.0001 0.001 < 0.01 < 0.1 4.1 0.0099 3.97 < 0.00001 1.9 0.02864 < 0.000005 0.01 < 0.0001 0.000006 < 0.01 0.05 
3/07/2010                                         

10/07/2010                                         
17/07/2010                                         
24/07/2010 0.01 0.001 1.82 < 0.01 < 0.0001 0.0011 < 0.01 < 0.1 4 0.0086 4 < 0.00001 1.7 0.0278 < 0.000005 < 0.01 < 0.0001 < 0.000005 < 0.01 < 0.01 
31/07/2010                                         
7/08/2010                                         

14/08/2010 0.07 0.001 1.58 < 0.01 < 0.0001 0.0013 < 0.01 < 0.1 4 0.0080 4 < 0.00001 1.6 0.0260 < 0.000005 < 0.01 < 0.0001 < 0.000005 < 0.01 < 0.01 
21/08/2010 < 0.01 0.005 1.44 < 0.01 < 0.0001 0.0013 < 0.01 < 0.1 4 0.0066 4 < 0.00001 1.6 0.0238 0.00001 < 0.01 < 0.0001 < 0.000005 < 0.01 < 0.01 
28/08/2010                                         
4/09/2010                                         

11/09/2010                                         
18/09/2010                                         
25/09/2010                                         
2/10/2010                                         
9/10/2010                                         

16/10/2010 < 0.01 < 0.0005 0.96 < 0.01 < 0.0001 0.0017 < 0.01 < 0.1 3 0.0052 5 < 0.00001 1.1 0.0209 < 0.000005 < 0.01 0.0001 < 0.000005 < 0.01 < 0.01 
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Implications for BS2 Phase 2B  
Alunite was found within the black Mount McRae Shale and this mineral is the 
likely reason for near neutral pH generated within the column leach experiments. 
It is unknown and it will be inpractical to determine if alunite is present in all black 
shale samples at the site. RTIO will adopt a conservative approach in regard to 
the management of black Mount McRae shale from BS2. It will be assumed, 
unless test work determines otherwise, that all black shale material with a total 
sulfur concentration greater than 0.1% will be PAF. RTIO have undertaken 
extensive test work across numerous sites and 0.1% sulfur is the appropriate cut-
off concentration for pyritic black shale to determine if a sample is NAF or PAF. It 
would appear for alunite black shale that a much higher sulfur cut-off 
concentration could be used ie. 2%.  
 
The management strategies described in the SCARD management plan and the 
EPS will be adopted and this will significantly reduce the risk of acidity 
generation, metalliferous drainage or other contaminants from migrating into the 
receiving environment. 
 
Consideration will also be given to monitoring the following elements in 
groundwater that may be associated with acidic leachates: SO4, Fe, As, Al, B, 
Co, Cu, Mn, Ni, Pb, Se, Mo and Zn.  These elements have been identified in 
static and/or kinetic test work as elements that are enriched or may potentially 
become mobile. 
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SO4-S (%w/w) 

Glossary of terms for Standard ABA procedures 
A description of the ABA methods and terminology which are commonly used by 
RTIO are given below: 
 
pH 1:2  
The inherent pH of the sample is determined after equilibrating a 1:2 ratio of solid 
sample to distilled water and testing the slurry. 
 
EC 1:2 (dS/m) 
The inherent salinity of the sample is determined after equilibrating a 1:2 ratio of 
solid sample to distilled water and testing the slurry. 
 
Total LECO S (%) 
Total S % measured using LECO. 
  
Total LECO C (%) 
Total C % measured using LECO. 
 
Total Inorganic C  (carbonate plus graphitic) (%) 
Calculated as the difference between total C and organic C. 
 
OR 
 
Carbonate carbon calculated by treating the sample with nitric acid and 
calculating the weight difference. Graphitic carbon determined by treating the 
sample with nitric acid and ashing to remove carbonate and organic carbon, 
respectively, and then determining the remaining C via LECO. Inorganic C is 
typically reported by combining the carbonate and graphitic carbon components.  
 
OR 
 
Samples are treated with acetic acid in an Erlenmeyer flask inside the TIC 
module of the Eltra analyser. The acid decomposes the carbonates (carbonates 
of alkali metals and alkaline earths) in the sample, generating CO2. Oxygen flow 
to the system purges the carbon dioxide from the flask through to an infrared 
detector. The TIC is determined when the sample is introduced into the furnace 
for subsequent combustion and IR detection. The end result is then displayed as 
a percentage of the sample’s carbon. 
 
Total Organic C (%) 
Inorganic carbon (carbonates, bicarbonates) are removed by reaction with dilute 
hydrochloric acid. After drying, the remaining sample is combusted in oxygen at 
1350OC. Any organic carbon in the sample present as organic matter or graphite 
is evolved as carbon dioxide and swept to a cell where it is quantified by infrared 
detection. Therefore since graphite is also measured this method has some 
inorganic carbon measured in addition to the total organic carbon.  
 
OR 
Calculated as the difference between Total LECO C and Total Inorganic C. 
 
Sulfide-S (%w/w) 
Sulfide sulfur is calculated by subtracting the measured soluble sulfate 
concentration from the Total LECO S measurement. Soluble sulfate is measured 
by digesting a sample with Na2CO3 and analysing the resulting concentration of 
sulfate in solution via ICP-AES. The w/w indicates that this is the percentage of 
sulfate found in the mixture. 
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solved in dilute hydrochloric acid and the solution is made up to 

ble sulfate is measured by digesting a sample with Na2CO3 and analysing 

he sample is digested with HCl and taken to dryness leaving any sulfate or 

PA (kg H2SO4/tonne) 
 by multiplying the total LECO S by 

NC (kg H2SO4/tonne) 
g HCl to a sample, 

APP = MPA - ANC (kg H2SO4/tonne) 
) is calculated as the difference between 

PR = ANC/MPA 
Ratio (NPR) is calculated as the ratio between the ANC and 

P (kg H2SO4/tonne) 
ing the amount of the SO4-S from the total LECO S and 

APP2 = AP- ANC (kg H2SO4/tonne) 
e AP and ANC. 

PR2= ANC/AP 
ratio between the ANC and AP. 

A sample is dis
volume. An aliquot of this solution is then analysed by ICP/AES to determine the 
sulfate sulfur content. 

OR 

Solu
the resulting concentration of sulfate in solution via ICP-AES. The w/w indicates 
that this is the percentage of sulfate found in the mixture.  

OR 
 
T
unreactive sulfide in the beaker. At the final leaching stage sulfate will dissolve 
(except BaSO4, SrSO4 and PbSO4 at large concentrations). Pyrite and 
chalcopyrite should be left behind. This method allows sulfide sulfur to be 
calculated by subtracting the sulfate sulfur from the total sulfur. 
 
M
Maximum Potential Acidity (MPA) is calculated
30.6. This assumes that all sulfur occurs as pyrite.  
 
A
Acid Neutralising Capacity (ANC) is determined by addin
heating it, and then back-titrating the mixture with NaOH to determine the amount 
of unreacted HCl. The amount of acid consumed in the initial reaction is 
calculated and expressed as the ANC. 
 
N
The Net Acid Producing Potential (NAPP
MPA and ANC. A negative NAPP indicates that the sample may have sufficient 
ANC to prevent acid generation. A positive NAPP indicates that the sample may 
be acid generating.  
 
N
The Net Potential 
MPA. It can be used as an indication of the relative margin of safety within a 
material. A ratio of two or more generally signifies that the material will remain 
circumneutral in pH, although the threshold varies according to properties of the 
materials, with some workers preferring to use an NPR of three.  For fine-grained 
tailings, ratios of 1.5 can be used.  
 
A
Calculated by subtract
multiplying that value by 30.6. This gives a more accurate value for the Acidity 
Potential (AP) of the sample due to total sulfide concentrations within the sample.  
 
N
Calculated as the difference between th
  
N
Calculated as the 
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NAGpH 
The Net Acid Generation (NAG) test involves reaction of a 2.5 g sample with 250 
mL of 15% hydrogen peroxide to rapidly oxidise any sulfide minerals present. 
Since both acid generation and acid neutralisation occur during the test, the 
result represents a direct measurement of the net amount of acid the sample can 
generate. The NAGpH is therefore the pH of the final solution. If this value is less 
than 4.5, it is considered to be acid forming.  
  
NAG pH4.5 (kg H2SO4/tonne) 
After the sample has reacted with the hydrogen peroxide, a subsequent titration 
with NaOH is undertaken to pH 4.5. The amount of acid reported is due to free 
acid as well as soluble iron and aluminium in the sample.  
  
NAG pH7.0 (kg H2SO4/tonne) 
After the sample has been titrated with NaOH to pH 4.5, a subsequent titration 
with NaOH is undertaken to pH 7.0. The amount of acid reported is due to 
metallic ions which precipitate as hydroxides. 
  
NAG(org) (kg H2SO4/tonne) 
Carbonaceous matter can produce significant quantities of organic acids during 
peroxide oxidation in the NAG test (particularly if the organic C content exceeds 
7%C). These organic acids can cause misleadingly low NAGpH values that are 
unrelated to acid rock drainage (ARD) potential, and can therefore result in 
misclassification of the acid forming potential of a sample.  The organic carbon 
NAG (NAGorg) test can be used to overcome the effects of organic acid 
generation on NAG test results, and provide a better measure of the acid 
potential of a sample. The NAGorg test utilises an extended boiling step to 
remove organic acids from solution.  Note that the extended boil NAGpH value 
can be used to confirm samples are PAF, but does not necessarily mean that 
samples with a pH greater than 4.5 are NAF, due to some loss of free acid during 
the extended boiling procedure.  To address this issue, a calculated NAG value is 
determined from assays of anions and cations released to the NAG solution. A 
calculated NAG value of greater than 0 kg H2SO4/t indicates the sample is 
potentially acid forming. 
  
Sequential NAG tests 
Involves a number of single addition NAG tests on the sample until there is no 
further catalytic breakdown of the hydrogen peroxide or the NAG pH is greater 
than 4.5.  
  
ABCC 
Acid Buffering Characterisation Curves (ABCC) involves the slow titration of 
samples with acid while monitoring pH. Results indicate the portion of the ANC 
within a sample which is readily available for acid neutralisation.  
 
Fizz Rating  
A step undertaken in the test to assess the ANC of a sample. A pulverised 
sample is placed on a ceramic plate and HCl is added by drops.  
0 no reaction 
1 Slight reaction 
2 Moderate reaction 
3 Strong reaction 
4 Very strong reaction 
5 Very high ANC material (e.g. limestone) 
  
Initial moisture (%) 
The percentage of moisture in the sample ‘as received’.  
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UC(PAF) 

IOR (as received) (kg O2/kg material/s*(10-11)) 
Intrinsic Oxidation Rate (IOR) is a measure of the oxygen consumption rate of a 
material per second, and indicates how oxidation takes place within pyritic 
material. It can be measured from oxygen consumption or by measuring the 
sulfate release rate from column testing.  
  
Adjusted moisture (%) 
Adjusted moisture content of a sample prior to IOR measurement.  
  
IOR (adjusted moisture) (kg O2/kg material/s*(10-11) 
IOR measured after the moisture content of a sample has been adjusted.  
  
CarbNP (kg H2SO4/tonne) 
This is a calculated value.  It is assumed that the total inorganic carbon is present 
in the form of CaCO3. Based on the stoichiometry of this mineral, multiplying the 
TIC value by 81.63 will give units of kg H2SO4/t. 
  
Solid Assays 

• Be, Sb, Ag, Cd, Mo, Se, B, U, Th, Hg, As, Ba, Bi, Co, Cr, Cu, Ni, Pb, Sr, V, 
Zn, Al2O3, CaO, Fe2O3, K2O, MgO, MnO, Na2O, P2O5, SiO2, TiO2 by ICP   

• U, Th can also be measured using trace XRF 
• F by Specific Ion Electrode  

 
Liquid Extract Data 

• Alkalinity determined by titration  
• Chloride determined by a colourimetric technique or chloride discrete 

analyser 
• F determined by specific ion electrode or by PC titrato 
• SO4, Ca, K, Mg, Na by ICPAES 
• Mo, Cd, Ag, As, Al, B, Ba, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sb, Se, U, Zn by 

ICPMS 
• Hg by FIMS (flow injection mercury system)  

 

ARD Classifications 
NAF (Non-Acid Forming) 
A sample may or may not have a significant sulfur content, but the availability of 
the ANC within the sample is more than adequate to neutralise all the acid that 
theoretically could be produced by any contained sulfide minerals.  
  
PAF (Potentially Acid Forming) 
A sample will always have a significant sulfur content and an acid generating 
capacity which exceeds the inherent acid neutralising capacity of the material.  
  
UC (Uncertain) 
The results show a conflict between the NAPP and NAG results.  
  
NAF-LC 
Samples which are shown to be NAF in a low capacity.  
 
PAF-LC 
Samples which are shown to be PAF in a low capacity 
PAF materials associated with low NAG acidities (NAGpH4.5 < 5 kgH2SO4/t).  
  
UC(NAF) 
Uncertain samples which are given a tentative classification of NAF. 
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samples which are given a tentative classification of PAF. 
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Standard column leach procedure 
 
The following modifications were made to the standard column leach test that 
was developed by EGi: 
 

• An initial rinse-phase was conducted, using a sufficient volume of 
deionised water to remove readily soluble salts (i.e. the sample was 
rinsed until the electroconductivity of the leached solution was below 
500µS/cm).    

• Irrigation volume was adjusted from 400mL/kg to between 450 mL/kg and 
500 mL/kg to ensure sufficient leachate was available for the required 
suite of analysis.   

• At the end of the tests, the final leach solution was re-circulated a number 
of times through the column.  By re-circulating the leachate, the contact 
time between the solution and the column residue was increased.  This 
re-circulation step was undertaken to assess whether slow dissolution of 
less readily soluble minerals could be limiting the mass of solute leached 
during individual leach events. 
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