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1.0 INTRODUCTION 


A single leached residue sample from Valencia was submitted for routine mineralogical identification using X-ray 


diffraction analysis and microscopy.  A description of the general mineralogy with particular reference to any 


sulphide or carbonate minerals that might be present was also requested.  The sample was labeled: 


 


  LA044995 Leached Residue 


 


2.0 RESULTS 


 


2.1 XRD Analysis: 


The mineralogical composition of the samples was determined by selecting the best-fitting patterns from the 


ICDD database to the measured diffractogram, using Panalytical X’Pert Highscore analytical software.  The result 


of the XRD analysis is presented in Table 1, and the annotated diffractogram follows.  


 


Table 1: Semi-quantitative Results from XRD Analysis and Microscopy 
 


 


Mineral Approximate Formula 


LA044995 


Leached 


Residue 


Quartz SiO2 ++ 


Microcline KAlSi3O8 ++ 


Plagioclase (Na,Ca)AlSi3O8 + 


Biotite K(Mg,Fe)3AlSi3O10(OH)8 + 


Chlorite (Mg,Fe)6(Si,Al)4O10(OH)8 = 


Pyrite FeS2 <1 


Rutile TiO2 trace 


Goethite FeOOH trace 
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2.2. Microscopic Investigation: 


 


LA 044995 (Leached Residue): 


The sample consists mostly of quartz, microcline and plagioclase feldspar.  There are a number of very fine grains 


(ie., less than 25µm in size) of sulphides and oxides present but in total these amount to probably about 1% or less 


of total sample.  The oxides and sulphides consist primarily of rutile and pyrite and iron oxyhydroxides (goethite).  


No carbonate minerals were identified as part of the mineral assemblage.  Pyrite can be digested by HNO3 but not 


HCl, while goethite is resistant to both acids. 
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Annotate XRD Pattern Of Valencia Leached Residue 
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The Modified ABA test results in a characterization of the material as either having a large potential to generate acidity,


a potential for no acid generation or, if the results fall within a certain range, uncertainty with respect to net acid


generation potential. While there are different approaches to the interpretation of Modified ABA tests, the net


neutralising potential (NP-AP) is often used as a general indicator of the potential for acid generation and the ratio of


NP/AP is also used as an interpretative guideline.


The following interpretation of the potential for acid generation is based on our review of the sulphur species


concentrations, carbonate values, the AP, NP and net NP values and the NP/AP ratios. When considering this


summary it is important to keep in mind that the Modified ABA test method provides an indication of the potential for


acid generation. Whether or not acidic drainage will result is largely a function of the mineralogy, the availability of


each acid generating and neutralising mineral present, the physical characteristics of the material and the


environmental setting.


Strong NP


Potential (AGP)


Medium NP
NP/AP ratio > 3


Strongly positive net NP (> 20)


NP/AP ratio > 4


High carbonate


The following table groups the samples analysed according to these broad categories.


Acid Generation 


Sulphide <0.5%


Positive net NP (> 10)


Strong AGP


Medium AGP


Low AGP


Uncertain possible 


AGP or NP


Low NP


Sample Identifiers


Leached residue


Sulphide > 0.3%


Negative net NP (< -20)


NP/AP ratio <1


NP/AP ratio <1


Sulphide < 0.3%


Low NP


Negative net NP


Sulphide > 0.2%


Negative net NP (> -20)


General reasons for classification 


(with some exceptions)


Sulphide < 0.1%


Low NP


NP/AP ratio <1


Low AP


Low NP


NP/AP ratio between 1 and 3
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Client Information


Project: Valencia Date Received: February 5, 2008


Company: SGS-LRA Quote/Proposal #: -


Client Contact: Ronel O'Connell CCLAS #: LA044995


Order Number: - No. of Samples: 1


Test Information


Test Method: Modified EPA ABA (Lawrence)


Sample ID:
Leached 


residue


Fizz Rating: 1


Paste pH: 11.9


Sample Weight (g): 1.98


Normality HCl (N): 0.110


Total HCl added (ml): 20.0


Normality NaOH (N): 0.099


Total NaOH added (ml): 14.2


NP: 20.1


AP: 0.31


Net NP: 19.7


NP/AP: 64.2


Total S (%): 0.07


Sulphide S (%): 0.01


SO4 (%): 0.18


CO3 (%): 0.12
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Directors : SOUTH AFRICA – Heinrich Williams  CANADA – Christopher A. Fleming
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Static Acid Rock Drainage Test Report


Page 2 of 2








R.O'Connell


*


Leached residue


WASTE ROCK


First Sample


Last Sample


Authorised by :............................................................ Signature:......................


Lab Ref


Client Ref


Project


Received


Reported


Pages


Samples


No order no. Valencia project


LA044995


9


Copy


Notes


The results in the following analytical report pertain to this laboratory for 


preparation and/or analysis as requested by R.O'Connell.


2


SGS Lakefield Research Africa


Reg No 1948/28709/07


58 Melville Street


Booysens 2091


+27 (11) 6803466


+27 (11) 4333654


South.Africa@sgs.com


www.sgs.com


Phone:


Fax:


Email:


Internet:


Status Final


 


Ronel O'Connell


Product Code


05/02/08


01/04/08


Please refer to Appendix A for accredited methods


On behalf of: SGS Lakefield Research Africa


Technical Signatory


TEST REPORT







TEST REPORT


Lab Ref


*


Client Ref


Project


Reported


No order no. Valencia project


LA044995


01/04/08


Reg No 1948/28709/07


58 Melville Street


Booysens 2091


+27 (11) 6803466


+27 (11) 4333654


South.Africa@sgs.com


www.sgs.com


Phone:


Fax:


Email:


Internet:


SGS Lakefield Research Africa


Status Final


Page Page 2 of 9


S* SO4 SS_Diff CO3 NAG_PH NAG_4.5


CSALA06


%


0.01


CSA13V


%


0.03


CSA13V


%


0.01


CSA14V


%


0.05


CLA43V


kg/t


0


CLA43V


kg/t


0.2


Leached residue 0.07 0.18   0.01 0.31  10 <0.2


Scheme


Detection Limit


Units


-   not analysed     |     --   element not determined     |     I.S.   insufficient sample     |     L.N.R.   listed not received    /   U.T.D. Unable To Determine


The analytical results reported herein refer to the samples as received and are based on a dry basis. 


“This document is issued, on the Client’s behalf, by the Company under its General Conditions of Service available on request and 


accessible at <http://www.sgs.com/terms_and_conditions.htm>. The Client’s attention is drawn to the limitation of liability, 


indemnification and jurisdiction issues defined therein.The results reflected in this report relate only to the items/samples tested or 


analyzed. This report shall not be reproduced, neither in full nor in part, without approval of the Company. Any other holder of this 


document is advised that information contained hereon reflects the Company’s findings at the time of its intervention only and within the 


limits of Client’s instructions, if any. The Company’s sole responsibility is to its Client and this document does not exonerate parties to a 


transaction from exercising all their rights and obligations under the transaction documents. Any unauthorized alteration, forgery or 


falsification of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law.”
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NAG_7.0 Ag Ba Be Bi Cd


CLA43V


kg/t


0.2


AAS14E


ppm


1


ICP40D


ppm


2


ICP40D


ppm


1


ICP40D


ppm


20


ICP40D


ppm


10


Leached residue <0.2 <1  378    2 <20 <10


Scheme


Detection Limit


Units


-   not analysed     |     --   element not determined     |     I.S.   insufficient sample     |     L.N.R.   listed not received    /   U.T.D. Unable To Determine


The analytical results reported herein refer to the samples as received and are based on a dry basis. 


“This document is issued, on the Client’s behalf, by the Company under its General Conditions of Service available on request and 


accessible at <http://www.sgs.com/terms_and_conditions.htm>. The Client’s attention is drawn to the limitation of liability, 


indemnification and jurisdiction issues defined therein.The results reflected in this report relate only to the items/samples tested or 


analyzed. This report shall not be reproduced, neither in full nor in part, without approval of the Company. Any other holder of this 


document is advised that information contained hereon reflects the Company’s findings at the time of its intervention only and within the 


limits of Client’s instructions, if any. The Company’s sole responsibility is to its Client and this document does not exonerate parties to a 


transaction from exercising all their rights and obligations under the transaction documents. Any unauthorized alteration, forgery or 
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Co Cr Cu Li Mg Mn


ICP40D


ppm
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ICP40D


ppm
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ICP40D


ppm
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ICP40D


ppm


10


ICP40D


ppm
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Leached residue <10    10    20    20  3650  4870


Scheme


Detection Limit


Units


-   not analysed     |     --   element not determined     |     I.S.   insufficient sample     |     L.N.R.   listed not received    /   U.T.D. Unable To Determine


The analytical results reported herein refer to the samples as received and are based on a dry basis. 
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Mo Na Ni P Pb Sb


ICP40D


ppm


10


ICP40D


ppm


20


ICP40D


ppm


10


ICP40D


ppm


53


ICP40D


ppm


30


ICP40D


ppm


25


Leached residue <10  2.61% <10   280    40 <25


Scheme


Detection Limit


Units


-   not analysed     |     --   element not determined     |     I.S.   insufficient sample     |     L.N.R.   listed not received    /   U.T.D. Unable To Determine


The analytical results reported herein refer to the samples as received and are based on a dry basis. 


“This document is issued, on the Client’s behalf, by the Company under its General Conditions of Service available on request and 
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Sn Sr Ti U V Zn


ICP40D


ppm


20


ICP40D


ppm


5


ICP40D


ppm


10


ICP40D


ppm


10


ICP40D


ppm


10


ICP40D


ppm


10


Leached residue <20   63  1180  12    20    30


Scheme


Detection Limit


Units
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The analytical results reported herein refer to the samples as received and are based on a dry basis. 
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Zr Al Ca Fe K Si
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ppm
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%
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%
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ICP91B


%
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%
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ICP91B


%


0.1


Leached residue    80   6.93   1.0   1.53   4.65  25.8


Scheme


Detection Limit


Units


-   not analysed     |     --   element not determined     |     I.S.   insufficient sample     |     L.N.R.   listed not received    /   U.T.D. Unable To Determine


The analytical results reported herein refer to the samples as received and are based on a dry basis. 
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As Hg Se Cl F


IMS12Q


ppm


1


IMS12Q


ppm


3


IMS12Q


ppm


10


CLA04E


%


0.05


ISELA01


%


0.1


Leached residue <1 <3 <20 <0.05   0.2


Scheme


Detection Limit


Units


-   not analysed     |     --   element not determined     |     I.S.   insufficient sample     |     L.N.R.   listed not received    /   U.T.D. Unable To Determine


The analytical results reported herein refer to the samples as received and are based on a dry basis. 
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APPENDIX A


Method 9-3-1A Au by Lead Fusion followed by Atomic Absorption Analysis or Gravimetric Analysis


Schemes:


   FAALA01                    FAGLA03                  


   FAALA01D                 FAGLA04


   FAGLA01                    FAGLA05


   FAGLA02                    


Method 9-3-5A Au, Pt, Pd by Lead Fusion and ICP-OES and ICP-MS


Schemes:


   FAI313


   FAM313


Method 9-3-9A Pt, Pd, Rh, Ru, Ir by Nickel Sulphide Fusion followed by ICP-OES and ICP-MS


Scheme:


   FAI363


Method 9-6-1A Major Element Oxides by Borate fusion XRF


Scheme:


   XRF79V


Method 9-6-6A Base Metals by Potassium Pyrosulphate Fusion XRF


Scheme:


   XRF77R


Method 9-8-1A Acid Soluble Cu and Ni by Acid digestion and analysis by AAS


Scheme:


   AAS13C


Method 9-9-1A Total Sulphur and Carbon by Leco Combustion Infra-Red Detection


Schemes:


   CSALA01


          CSALA06
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Client Information


Project: Valencia Date Received: February 5, 2008


Company: SGS-LRA Quote/Proposal #: -


Client Contact: Ronel O'Connell CCLAS #: LA044997


Order Number: - No. of Samples: 1


Test Information


Test Method: ARLP [DWAF, 1998]


Extractant Used: Dilute carbonated, deionised water, pH adjusted to 3.6-3.8 with nitric acid.


Sample Weight: 100 g


Extractant Volume: 2 L


Extraction Period: 20 h


Comments:


Sample ID:
Leached residue


Leached residue 


(dupl.)
Blank


Final pH:
5.95 6.11 3.72


Senior Environmental Chemist


Lakefield Research
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Reg. No. 1948/28709/07 Tel: +27(0) 11 680-3466 Fax : +27(0) 11 433-3654 e-mail : africa@sgs.com www.lakefield.com  www.sgs.com


Directors : SOUTH AFRICA – Heinrich Williams  CANADA – Christopher A. Fleming


Member of SGS Group (Société Générale de Surveillance)


Leachate Test Report
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*
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First Sample


Last Sample


Authorised by :............................................................ Signature:......................
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Client Ref


Project


Received


Reported


Pages


Samples


LA044997


9


Copy


Notes


The results in the following analytical report pertain to this laboratory for 


preparation and/or analysis as requested by R.O'Connell.
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Al B Ba Be Bi Ca


ICP84B


mg/l


0.08


ICP84B


mg/l


0.07


ICP84B


mg/l


0.02


ICP84B


mg/l


0.02


ICP84B


mg/l


0.2


ICP84B


mg/l


0.05


Leached residue <0.08 <0.07 0.31 <0.02 <0.2  110


Leached residue - dup <0.08 <0.07 0.32 <0.02 <0.2  110


ARLP Blank <0.08 <0.07 0.02 <0.02 <0.2 0.15


Scheme


Detection Limit


Units


-   not analysed     |     --   element not determined     |     I.S.   insufficient sample     |     L.N.R.   listed not received    /   U.T.D. Unable To Determine
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Co Cu Fe K Li Mg


ICP84B


mg/l


0.12


ICP84B


mg/l


0.02


ICP84B


mg/l


0.02


ICP84B


mg/l


0.11


ICP84B


mg/l


0.02


ICP84B


mg/l


0.02


Leached residue <0.12 <0.02 <0.02  1.9 <0.02  1.2


Leached residue - dup <0.12 <0.02 <0.02  1.9 <0.02  1.2


ARLP Blank <0.12 <0.02 <0.02 0.14 <0.02 <0.02


Scheme


Detection Limit


Units
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Mn Mo Na Ni P S


ICP84B


mg/l


0.01


ICP84B


mg/l


0.05


ICP84B


mg/l


0.05


ICP84B


mg/l


0.05


ICP84B


mg/l


0.53


ICP84B


mg/l


0.6


Leached residue 0.37 <0.05  1.9 <0.05 <0.53  7.9


Leached residue - dup 0.41 <0.05  2.0 <0.05 <0.53  7.5


ARLP Blank <0.01 <0.05 0.85 <0.05 <0.53 <0.6


Scheme


Detection Limit


Units
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Sb Si Sn Sr Ti V


ICP84B


mg/l


0.31


ICP84B


mg/l


0.3


ICP84B


mg/l


0.34


ICP84B


mg/l


0.02


ICP84B


mg/l


0.02


ICP84B


mg/l


0.07


Leached residue <0.31  2.1 <0.34 0.18 <0.02 <0.07


Leached residue - dup <0.31  3.3 <0.34 0.17 <0.02 <0.07


ARLP Blank <0.31 <0.3 <0.34 <0.02 <0.02 <0.07


Scheme


Detection Limit


Units
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Zn Zr Ag As Cd Cr


ICP84B


mg/l


0.17


ICP84B


mg/l


0.05


IMS84T


ppb


5


IMS84T


ppb


0.5


IMS84T


ppb


0.5


IMS84T


ppb


1


Leached residue <0.17 0.06 <5  4.7 <0.5 <1


Leached residue - dup <0.17 0.06 <5  4.9 <0.5 <1


ARLP Blank <0.17 <0.05 <5 <0.5 <0.5 <1


Scheme


Detection Limit


Units
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Hg Pb Se U Cr6+ F


IMS84T


ppb


3


IMS84T


ppb


2


IMS84T


ppb


20


IMS84T


ppb


0.5


CLA21V


mg/l


0.005


ISE07W


mg/l


0.1


Leached residue <3 <2 <20  11 <0.005 0.15


Leached residue - dup <3 <2 <20  10 <0.005 0.11


ARLP Blank <3 <2 <20 <0.2 <0.005 <0.1


Scheme


Detection Limit


Units
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Cl


CLA27V


mg/l


5


Leached residue <5


Leached residue - dup <5


ARLP Blank <5


Scheme


Detection Limit


Units
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APPENDIX A


Method 9-3-1A Au by Lead Fusion followed by Atomic Absorption Analysis or Gravimetric Analysis


Schemes:


   FAALA01                    FAGLA03                  


   FAALA01D                 FAGLA04


   FAGLA01                    FAGLA05


   FAGLA02                    


Method 9-3-5A Au, Pt, Pd by Lead Fusion and ICP-OES and ICP-MS


Schemes:


   FAI313


   FAM313


Method 9-3-9A Pt, Pd, Rh, Ru, Ir by Nickel Sulphide Fusion followed by ICP-OES and ICP-MS


Scheme:


   FAI363


Method 9-6-1A Major Element Oxides by Borate fusion XRF


Scheme:


   XRF79V


Method 9-6-6A Base Metals by Potassium Pyrosulphate Fusion XRF


Scheme:


   XRF77R


Method 9-8-1A Acid Soluble Cu and Ni by Acid digestion and analysis by AAS


Scheme:


   AAS13C


Method 9-9-1A Total Sulphur and Carbon by Leco Combustion Infra-Red Detection


Schemes:


   CSALA01


          CSALA06
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1. BACKGROUND 
 
A sample of leached residue from the Valencia project metallurgical testing was submitted to the SGS Lakefield 
Research Africa (Pty) Ltd Environmental Laboratory for the following testing:  
 


• Acid base accounting (ABA) by the Modified (Lawrence) method  


• Net acid generation (NAG) testing  


• Mineralogical examination 


• Total analysis  


• Acid rain (ARLP) leach testing as per the South African Department of Water Affairs and Forestry (DWAF) 
minimum requirements 


 
 
The following report provides a summary and brief interpretation of the testing completed. 
 


 
 


2. SAMPLE RECEIPT AND PREPARATION 
 
A ~1-kg sample of the leached residue with 3% by mass CaO added was received.  
 
A 200 g portion was split from the crushed sample and milled to 80% passing 75 µm for use in the ABA test, NAG 
test and total analysis. A further portion of the material was submitted for mineralogical examination. 
 
 
 


3. TEST DETAILS 
 
Acid Base Accounting 
 
Static ABA testing, using the Modified EPA (Lawrence) test was completed on the milled portion of the residue. 
This test is considered to be the most reliable method for determining a practical NP value (MEND project 1.16.3, 
July 1996). 
 
The Modified ABA test is a static prediction test method, designed to examine the balance between the acid 
producing and acid consuming components of a sample. The method does not take into account the relative 
rates of acid production and consumption. 
  
The acid production (AP) is calculated by assuming that all the sulphide sulphur present converts to sulphuric 
acid (sulphate) at a production of four moles of hydrogen ion per mole of pyrite oxidised. The sulphide content of 
a sample is determined by LECO furnace (induction furnace-infrared analysis). An initial total sulphur assay is 
completed, the oxidisable sulphur component is roasted off and a second LECO assay is performed to determine 
the residual sulphur content (defined as the sulphate concentration). The difference between the total and 
residual sulphur assays is defined as the sulphide sulphur concentration. As elemental sulphur (S


o
) will also be 


oxidised and removed through the roasting process, where S
o
 is present in significant quantities this will result in 


overestimation of the sulphide sulphur content. The LECO method is also used to produce a carbonate analysis. 
 
The neutralising potential (NP) is determined by treating a portion of the sample with excess hydrochloric acid 
(HCl) at ambient temperature for 24 hours. The amount of standardised HCl to be added initially is determined 
using a fizz test. Sufficient acidity for reaction is maintained by adding acid as necessary. After the acid 
treatment, any unconsumed acid is titrated with standardised base to pH 8.3. The calcium carbonate (CaCO3) 
equivalent of the acid consumed is then calculated. 
 
In addition to the sulphur speciation, carbonate analysis and NP determination, a paste pH test is also completed 
on the sample by mixing a portion with water at a low liquid to solid ratio and measuring the pH of the resulting 
paste. 
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The data obtained during the tests is then used to calculate the acid/base balances (net NP, NP/AP ratio) and 
classify the sample as either having a large potential to generate acidity, a potential for no acid generation or, if 
the results fall within a certain range, uncertainty with respect to net acid generation potential. 
 
 
Net Acid Generation Test 
 
The static NAG test was completed on the milled portion of the residue. 
 
In the NAG test the sample reacts with hydrogen peroxide overnight to encourage complete oxidation of all 
oxidisable sulphur species. The available neutralising minerals also react. The excess hydrogen peroxide is then 
boiled off and the sample allowed to cool to room temperature.  
 
The pH of resulting solution is measured before titration with sodium hydroxide to pH 4.5 and pH 7. The net result 
is determined to be either one of acid generation or not. The test can give neither rates of reaction, nor any 
information on resultant leachate quality. The final (NAG) pH and NAG values (where applicable) are reported. 
 
 
Mineralogical Examination 
 
A portion of the residue was submitted for mineralogical examination, including an X-ray diffraction (XRD) scan, 
optical microscopy on a thin section and a report. The XRD is used to determine the bulk mineral assemblage of 
the sample. The thin section microscopy is essential for the examination of sulphide and carbonate species.  
 
Mineralogical examination is becoming an important diagnostic tool in understanding potential acid rock drainage. 
The amount and type of sulphides present and the availability of neutralising minerals will affect the rates and 
extent of acid generation. Neutralisation is provided primarily by carbonate minerals, however, some silicates and 
clays can also provide neutralisation. Knowledge of the type and abundance of various mineral phases is 
therefore important for the understanding of the acid generation potential.  
 
 
Total Analysis 
 
Total analysis for Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Li, Mg, Mn, Mo, Na, Ni P, Pb, Sb, Se, Si, 
Sn, Sr, Ti, U, V, Zn and Zr was completed on the milled portion of the residue by a combination of multi-acid and 
aqua regia digests and peroxide fusion with either inductively coupled plasma optical emission spectrometry 
(ICP-OES) or inductively coupled plasma mass spectrometry (ICP-MS) finish. F and Cl were analysed by fusion - 
ion selective electrode finish and acid digest - titrimetric finish, respectively. 
 
 
Acid Rain Leach Procedure 
 
The ARLP test was carried out on the residue as received. The objective of the ARLP test is to determine the 
leaching characteristics of solid waste materials under mild acidic rain conditions. The test is used to obtain 
information on the apparent potential for metals release. The ARLP test is well suited to mining operations.  
 
A carbonic acid solution (carbonated deionised water) is diluted and the pH of the solution adjusted to pH 3.6 to 
3.8 with dilute nitric acid. Two litres of the resultant solution is then added to a pre-determined 100 g dry weight of 
the solid sample. The sample is then agitated end over end for a period of 20 hours and the resultant solution is 
filtered prior to analysis. The DWAF recognise this test method as suitable for the characterisation of wastes in a 
mono-disposal setting.  
 
The leachate was analysed for a standard suite of parameters, based on the DWAF Acceptable Risk Limits 
(ARL), as specified in the “Minimum Requirements for the Classification, Handling and Disposal of Hazardous 
Waste” documentation (Volume 1, second edition, 1998). The ARL is based on the median lethal dose (LC50), 


which is defined as the amount of substance which will kill 50% of a given population of aquatic organisms under 
standard conditions (ARL = 0.1 x LC50). 
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Table 1: Suite of analysis for leachates with quantification limits 
 


Parameter Limit (mg/L) Parameter Limit (mg/L) Parameter Limit (mg/L) 


Ag 0.003 Hg 0.003 Se 0.02 


Al 0.08 K 0.11 Sn 0.34 


As 0.0005 Li 0.02 Sr 0.02 


B 0.07 Mg 0.02 Ti 0.02 


Ba 0.02 Mn 0.01 V 0.07 


Be 0.02 Mo 0.05 U 0.0005 


Bi 0.20 Na 0.05 Zn 0.17 


Ca 0.05 Ni 0.05 Zr 0.05 


Cd 0.0005 P 0.53 Cl 5 


Co 0.12 Pb 0.002 F 0.1 


Cr 0.001 S 0.60 Cr VI 0.005 


Cu 0.02 Sb 0.31   


Fe 0.02 Si 0.37   


 
 
 
 


4. RESULTS 
 
Acid Base Accounting 
 
Table 2 summarises the results of the ABA testing. The full report and classification are contained in the 
appendix.  


 
Table 2:  Summary of Modified ABA Test Results 
 


Sample ID 
Paste 


pH 
Sulphide S 


(%) 
AP NP 


Net NP 
(NP-AP) 


NP/AP 


Leached residue 11.9 0.01 0.31 20.1 19.7 64.2 


 
The residue sample has a low AP and a medium NP, which is largely not due to the presence of carbonate. 
Based on a review of the sulphur species concentration, carbonate value, the AP, NP and Net NP values and the 
NP/AP ratio, the sample is classified as having medium neutralising potential. 
  
 
Net Acid Generation 
 
Table 3 summarises the results of the NAG testing. The full report is contained in the appendix.  
 
Table 3: Summary of NAG Results 


 
 
 


Sample NAG pH 
NAG4.5 value 


(kg/tonne H2SO4) 
NAG7 value 


(kg/tonne H2SO4) 


Leached residue 10.3 - - 
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At the end of the test the final pH of the NAG solution was over 7, resulting in a zero NAG value. A sample with a 
final NAG pH of >4.5 is considered to be non-acid forming. 
 
 
Mineralogical Examination 
 
Table 4 summarises the results of the mineralogical examination. The full report is contained in the appendix. 
 
Table 4: Summary of Minerals Identified 
 


Mineral Approximate Quantity (%) 


Quartz 20-50 


Microcline  20-50 


Plagioclase 10-20 


Biotite 10-20 


Chlorite  <3 


Pyrite  <3 


   
The lack of carbonate minerals and the relatively low sulphide mineral (pyrite) content confirm the results from 
the ABA and NAG tests. The neutralising potential observed in the ABA test is partly as a result of the microcline, 
plagioclase, chlorite and biotite which range from intermediate to very slow weathering with respect to acid 
neutralising capacity. Another contributing factor to the neutralising potential is very likely the lime added to the 
sample. 
 
 
Total Analysis 
 
The total analysis indicated that Al, K, Mg, Na and Si are the major elements present (>2%). Present in significant 
amounts are C, Ca, F, Fe, Mg, Mn, SO4 and Ti (0.05-2%). Ba is present at a low level (0.02-0.05%). Cr, Cu, Li, 
Ni, P, Pb, Sr, U, V, Zn and Zr are present in trace amounts (<0.02%). All other elements were found to be present 
at levels below the quantification limit.  
 
 
Acid Rain Leach Procedure 
 
The results of the ARLP water leach are summarised and compared with the DWAF ARL in Table 5. The full 
report and certificate of analysis are contained in the appendix. Values exceeding the ARL are highlighted in 
yellow. Drinking water and aquatic ecosystem toxicity limits would typically be lower than the ARL and limits for 
mining effluents would usually be higher, although this is very much dependent on the individual mine licences. 
 
As there is no ARL for U, this has been compared with the World Health Organisation (WHO) guidelines for 
drinking water quality (2004). 
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Table 5: ARLP leach test results 
 


Parameter 
(mg/L) 


ARL 
Leached 
Residue 


Parameter 
(mg/L) 


ARL 
Leached 
Residue 


Parameter 
(mg/L) 


ARL 
Leached 
Residue 


Final pH - 6.0 Fe 9 <0.02 Se 0.26 <0.02 


Ag 2 <0.005 Hg 0.022 <0.003 Si 180 2.1 


Al 10 <0.08 K 43.5 1.9 Sn 2 <0.34 


As 0.43 0.0047 Li 1.7 <0.02 Sr - 0.18 


B 2.7 <0.07 Mg - 1.2 Ti 0.73 <0.02 


Ba 7.8 0.31 Mn 0.3 0.37 U 0.015** 0.011 


Be 1.2 <0.02 Mo 3.7 <0.05 V 1.3 <0.07 


Bi - <0.2 Na - 1.9 Zn 0.7 <0.17 


Ca - 110 Ni 1.2 <0.05 Zr 2 0.06 


Cd 0.031 <0.0005 P 10 <0.53 F 1 0.15 


Co 6.9 <0.12 Pb 0.1 <0.002 Cl - <5 


Cr 4.7* <0.001 S - 7.9 Cr VI 0.02 <0.005 


Cu 0.1 <0.02 Sb 1 <0.31    


*As Cr III 
** WHO drinking water quality guideline 


 
The residue increased the final pH of the leachate relative to the blank. As, Ba, Ca, F, K, Mg, Mn, Na, S, Si, Sr, U 
and Zr were found to present in the leachate above the quantification limit. Of these, Mn was found at a level 
above the DWAF ARL. U is found at a concentration close to the WHO drinking water quality guideline. All other 
parameters were found to be present at levels below the respective quantification limits. 
 
 
 
 


5. SUMMARY AND DISCUSSION 
 
The leached residue sample showed low sulphide content with correspondingly low potential to generate acidic 
drainage. The neutralising potential is medium and is mostly not due to carbonate content. Thus the results of the 
ABA test, using the Modified method, indicate a medium neutralising potential.  
 
The results obtained in the NAG test indicate that either insufficient sulphide sulphur is present to generate 
acidity or sufficient neutralising potential is available in the samples to neutralise any acidity produced. A sample 
is considered to be non-acid generating if the NAG pH is above 4.5. 
 
If the NP, AP and NAG pH are considered and a plot made of net acid production potential (AP-NP) versus NAG 
pH (Figure 1 below), the sample falls within the non-acid forming area. 
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Figure 1: Classification plot 
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Generally, it is considered unlikely that a net acid leachate will be generated from the oxidation and leaching of 
materials having a sulphide content of less than 0.3%.  
 
It is important to keep in mind that these test methods merely provide an indication of the potential for acid 
generation. Whether or not acidic drainage will result is largely a function of the mineralogy, the availability of 
each acid generating and neutralising mineral present, the physical characteristics of the material and the 
environmental setting. Additional testing will be required to establish the rate and extent of the formation of acid 
and depletion of neutralising minerals. 
 
The mineralogical examination indicates that the sulphide content of the sample is low and is largely present as 
pyrite. A large part of the sample is composed of minerals which are considered to be neutralising, however the 
acid neutralisation is slow relative to that of carbonate mineral. Quartz, which is inert with respect to acid 
formation and neutralising capacity, makes up the balance of the sample. The lime addition to the sample is very 
likely a source of neutralising potential. The mineralogy of the sample corroborates the results obtained from the 
ABA and NAG tests. 
 
The results from the ARLP leach testing (as per the DWAF method, performed in the laboratory) showed that 
only Mn leached at levels above the DWAF ARL and U leached at levels that may be of concern. Other 
parameters also leached and this will contribute to increased dissolved salts in any run-off that may occur from 
any storage facility. It is recommended that the leachate quality be compared to background levels and the limits 
specified in mine permits. 
 
 
 
The above report is respectfully submitted by 
SGS LAKEFIELD RESEARCH AFRICA (PTY) LIMITED 


 
 
Sarah Newton 
Senior Environmental Chemist  







 


 


 
 
 
 
 
 
 
 
 
 
 
 
 


APPENDIX  
 


Laboratory Reports and Certificates of Analysis 
 


(Enclosed as separate files in electronic version) 
 
 
 
 
 
 
 
 


 


 





