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Abstract

Acid Base Accounting (ABA) consists of a series of compositional analyses and calculations. ABA is
used to guide decisions regarding the potential for acidic drainage and is a key component of sound
environmental and fiscal management. Challenges include limitations of the analyses and calculations and
the many parameters and processes potentially contributing to drainage pH. ABA analyses and criteria
may enable cost effective prediction but users need to consider whether ABA results and predictions are
compatible with the mineralogy, elemental concentrations, weathering rates, weathering and leaching
conditions, and other inputs of acidity and alkalinity.

Key Words: acidic drainage, acid potential, prediction, neutralization potential ratio

Introduction

The future potential for neutral or alkaline sulphidic geologic materials to produce acid rock drainage
(ARD) if exposed to oxygen and water depends on the relative concentration and reaction rates of acid
generating sulphur minerals or acid potential (AP) and neutralizing minerals or neutralization potential
(NP). The relative magnitude of the NP and AP is indicated by the NP/AP or Neutralization Potential
Ratio (NPR).

Pyrite oxidation: FeS; + Oz + H,0O — Fe(OH); + 250,* + 4H* @
Melanterite dissolution: FeS04+7H,0 + O, — Fe(OH); + SO4* + H,0 + 2H* (2)
Acid neutralization by calcite: CaCO3 + 2H* — Ca?" + H,CO3 pH < 6.3 3
Acid neutralization by calcite: CaCO3 + H* — Ca* + HCO3 pH > 6.3 (@)

As illustrated in Figure 1, assuming the correct AP and NP, the future drainage pH is (Price 2009):
e potentially net acid generating (PAG) if NP/AP < 1
e not potentially net acid generating (non-PAG) if NP/AP > 2
e uncertain if NP/AP is between 1 and 2
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Figure 1. An example of AP versus NP data

Safety factors may need to be added to these criteria to address limitations in the precision or accuracy in
sampling, material handling or prediction of the magnitude of the NP and AP. There are many possibilities
for over or under estimating the AP and NP.

Preferential deposition of heavier sulphide minerals may result in a tailings beach with a higher AP than

predicted from the analysis of tailings leaving a processing plant. The exposed AP of waste rock may be

higher than predicted by analysis of pre-mine drill core or pre-blast hole chips, if sulphides preferentially
report to waste rock fines (< 2 mm) (Table 1).

Table 1. AP and NP of > 2 mm and < 2 mm waste rock particle size fractions from a Cu mine

> 2 mm <2 mm <2/>2mm
AP (kglt) 36 257 3.0
NP-Sobek (kg/t) 32 44 1.4

Other Considerations

o Prediction of the ARD potential typically assumes oxidized, conditions.

e The question is not whether a sample generates acid (AP); most rock generates some acid, but
whether it will become net acid because there is insufficient NP to neutralize the acid.

e The ARD potential between NPR 1 and 2 will depend on the fate of alkalinity (HCO3) produced
by the pH > 6.3 neutralization reaction (Reaction 4).

o Net Neutralization Potential (NNP) = NP-AP is additive rather than a ratio and cannot distinguish
between materials with an NPR > 2 and an NPR 1 to 2 and is not recommended for characterizing
the future potential for acidic drainage (Figure 2).

o Drainage chemistry prediction should be conducted if the NPR > 2 because contaminant
concentrations at near-neutral or alkaline pH may still be above environmental guidelines (Stantec
2004).
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Figure 2. NNP versus NPR data from a proposed Cu-Au deposit

Interpretation of Geochemical Results

General considerations

A common concern is how much information to provide. Unfortunately, the devil is often in the details
and therefore a comprehensive explanation of details is generally required (e.g., how samples were
collected and whether analyzed samples are representative of the overall population). Only a small portion
of the material may be sufficient to produce significant ARD or metal leaching. Consequently, variability
and distribution of parameters such as NPR (NP/AP) and metal concentrations are typically more
important than central tendency or average composition. Depending on the situation, descriptive statistics
such as the 10th and 90th percentile and median are a useful way to describe the variability, but are no
substitutes for plots showing the distribution of data. Sensitivity analysis can be used to determine whether
additional information is required. Spatial variability is important in determining when geochemically
different materials are mined and whether segregation is possible.

Plan views and cross sections of the site are typically used to show the spatial relationship of variability in
ML/ARD properties and their correlation with rock units and different forms of mineral alteration.
Diagrams should show sampling locations, the outline of the underground workings and/or pit, and the
location of the ore versus waste materials.

Identifying potentially ARD generating materials

It is important to recognize that the primary source of toxicity is metals and that unacceptably high metal
leaching may occur with neutral pH drainage. At other sites, water quality is only a concern if the wastes
generate ARD. However, even where neutral pH drainage is a concern, the occurrence of ARD typically
results in much higher metal solubility and weathering rates, and therefore the identification of ARD
generating materials is important.

In ML/ARD test work, commonly the first step in assessing whether the neutralizing minerals in a sample
are sufficiently plentiful and reactive to neutralize the acidity generated from the oxidation of sulphide
minerals is to calculate the acid potential (AP) and neutralizing potential (NP). The ARD potential is then
predicted from the NP:AP ratio (NPR). Assuming the AP and NP are accurate and there is exposure to air
and leaching, ARD is judged likely if the NPR is < 1, uncertain if the NPR is 1 to 2 and of low probability
if the NPR is > 2.
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