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Preamble

The following notes and overheads formed the framework of the presentation made at the
Workshop. Rather than write them up as a paper, I feel that the flavour and key points of the
address are preserved in this form. I will be happy to expand on any points if the reader cares to
contact me.

Introduction

This workshop has come at a particularly opportune time for us at ANSTO as we near the end of
a concerted effort to examine Australia’s research needs in the field of managing sulphidic mine

wastes.
In terms of prediction, we consider a system in two parts:

(a) primary pollutant generation - oxidation of sulphides, rate controlled by the intrinsic
oxidation rate of the material and often by the physical supply of primary reactants;

(b) secondary generation - transport of pollutants by water and geochemical reactions along the
pathway to the impacted environmental system.

These involve principally the disciplines of physics, chemistry and mathematics. Could also add
ecological impact as a third part of the whole system, bringing into play the disciplines of biology
and risk assessment, but I will not address this in this forum.

We at ANSTO have focused our attention on waste rock dumps.
Our program to develop predictive tools has been intimately bound up with field measurements.
It is the field measurements which tell us how the real world behaves and directs us to the

dominant processes, mechanisms and features which a model must incorporate and allows us to
disregard speculative processes which may sound plausible but which are either not observed or

found to be insignificant.

I will take a few moments to provide some background to our work in the field.

Background

| Fig 1 |




We have worked and are working at a large number of sites around the world. These include
different types of mines (Cu, Au, U, Fe, C, Ag/Pb/Zn) in a wide range of climatic zones
(equatorial, arctic, monsoonal tropics, wet temperate, arid etc.).

Our involvement has covered measurement/quantification, modelling, advice, and reviewing the
work of others.

I will now discuss some of the key concepts which we have found apply generally to waste rock
dumps and illustrate them with field data.

[ Fig 2 |

This is a schematic dump at some time after it has been created. The features are:

e azone which has completely oxidised and no longer contributes pollutants;
e an oxidising zone where primary and secondary generation are occurring;
e azone which has yet to oxidise but where secondary generation is occurring.

The behaviour of the dump is both space dependent and time dependent.

The transport of pollutants is by water. The pollutants may end up in groundwater, surface water
or runoff.

In the dump as presented, the dominant rate controlling mechanism is the supply of oxygen by
diffusion. As a consequence, the primary pollutant generation rate is governed by the oxygen
supply rate.

The size of the oxidising region will depend on the oxidation rate of the material and can vary
from involving the whole dump at once (if oxidation rates are low) to a very thin region if rates
are high. Above a certain value oxidation rates can be considered to be ‘infinite’ and the overall
process is controlled solely by the diffusion coefficient of the material.

Except where all the dump is oxidising, the system is spatially dependent and the primary
pollutant generation rate will be time dependent.

| Fig3aand3b |

The significance of different values of intrinsic oxidation rate (IOR) is shown in 3a for a dump
with the characteristics set out in 3b.

Field Data

| Fig 4 I




Aitik Mine, arctic Sweden

e diffusion is the gas supply mechanism in all cases

e in probe hole A7, very little oxygen consumption in 18m;

e in probe hole Al, typical profile of 1-D diffusion, material has low IOR and the whole
thickness of dump is oxidising;

e in probe holes A8 and A2, there are pods of material with higher IOR embedded in low IOR
material, requiring a 2-D description of oxygen transport.

| Fig5 |

Brukunga Mine, South Australia

e top, pods of material with higher oxidation rate embedded in material with lower oxidation
rate;

e bottom, variation in oxidation rates with depth.

| Fig6 |

Mt Lyell Mine, Tasmania

e pods having an IOR of ~107 kg(O2) m™ s are seen throughout the dump and are the major
source of pollutants;

e note the corresponding evidence of a heat source at the position of the pod.

| Fig 7 |

Gordonstone Coal Mine, Queensland
e co-disposal of rejects and tailings
e oxidation is all occurring in top 25 cm. With time this oxidising layer will move down

through the dump.

| Fig8 |

Mt Lyell Mine

e the size and shape of the dump and the climate are such that that wind-driven advection
becomes a significant gas transport mechanism;
the evidence is that the oxygen profile at depth is time-dependent;
this is supported by the temperature profiles which indicate significant heating at depth;
this is a case where the oxidation rate at depth depends on the properties of the material, not
on the oxygen supply rate, i.e. is not diffusion limited.

| Fig 9 |

A four year old waste rock dump.
e here we have temperatures as indicators of oxidation;



at the maximum, the temperatures are some 30°C above ambient, in keeping with other
independent measures of oxidation rate which indicate rates ~ 107 kg(02) m™ s™;

clearly advection is occurring in region of batters and crest (either wind- or temperature-
driven);

the influence penetrates of the order of 100m into the dump, which is typical for this
mechanism;

note that the bulk of dump may still be diffusion controlled;

modelling helps to interpret the field observations and quantify the significance of the
different gas transport mechanisms on oxidation rates and primary pollutant generation rates.

Prediction

Fig10 |

compare the previous 2-D temperature contours with the output of FIDHELM, ANSTO’s
finite difference numerical dump model (which was made available through MEND on a
limited basis);

although the modelled dump does not have the same dimensions, the general form of the
output matches the field measurements very well;

this is where we take issue with the concept of ‘calibrating’” a model. FIDHELM incorporates
the physics of gas, heat and water transport. Given that it includes the major transport

" mechanisms and that the required physical parameters are either known or can be estimated

well, there is no ‘calibration’ necessary - the code models the physical world,

note the agreement between the shape of the measure and modelled temperature contours near
the crest of the dump;

note the gas discharge near the crest, matching the region where water vapour is observed in
the field;

as an aside, this explains in part why running bio-oxidation heaps is so difficult - although the
oxidation rate can be considered to be ‘infinite’ the problem is to transport oxygen throughout
the volume of the heap;

the model output illustrates the time dependent nature of primary pollutant generation;

we believe that at ANSTO we are in a good position to predict primary pollutant generation
confidently as a function of time and space;

Now consider secondary pollutant generation by referring to the schematic dump shown earlier.

Fig 2 |

In a dump the time it takes for polluted drainage to appear will depend on a number of factors.
There are two routes for polluted water to reach an impacted ecosystem, each with different
timescales:-

(a) surface runoff;
(b) drainage to groundwater and then to surface waters.



e can consider surface runoff to be immediate, time for it to become acid (assuming SO, not a
problem) depends on how long it takes for quick-acting acid consuming material to be used
up (weeks, months, years). This depends on oxidation rate, sulphur density and density of

acid consuming material;
e this lasts for as long as it takes to oxidise the surface layer of the dump or until a cover is

applied.
For drainage it is more complex:

e depends on the time for the oxidising layer to ‘go acid’ and then depends on chemical
transport through the lower region (time to consume all quick-acting acid consuming
material) and in some circumstances on water transport time;

¢ in a dump with low oxidation rate, where whole dump is oxidising, it may take a long time to
go acid but then the whole dump generates pollutants at once;

e pollutants in drainage will ramp up over the transit time of water through the dump (which
may be several years) and may also include the transit time of groundwater from beneath the
dump to some surface expression.

So, an important message is that in general the whole system is both space and time dependent
and both must be taken into account in describing it. If the spatial dependence is not taken into
account then incorrect conclusions are likely to be reached and bad advice will be given to

operators.
Research Directions

To move on from here it is our view that there is a need for a physically justifiable (and validated)
model of water flow in these heterogeneous, unsaturated systems and also a chemical transport
model which incorporates the appropriate rate constants.

These then provide the basis for our research directions - water transport and chemistry.

We see the aim as being able to predict the efficacy of management strategies for sulphidic
wastes.

|  Figll |

e within an overall management scheme, we see that an operator needs to begin assessing
options at an early stage;

e on the right of the figure, at the end of the ‘Exploration and Early Feasibility’ phase, are water
treatment options for which you need to be able to predict the chemical composition of
drainage in detail;

e for options on the left (which includes covers) it is sufficient to look at the main
environmental pollutants and to do the chemistry for these alone;



Fig12 |

this is because it is the load (or concentration) versus time and how these compare with

environmental limits (Ly) which is required to specify the management strategy. These
curves are only needed for the most ecologically significant pollutants.
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PlanaN

/Aodel of a dump or dam /é—
/

Select representative samples of waste
rock {rom drill core

Y
@ I Test sampies using Acid-Base Accounting J

Estimate maxmum load/concentration from waste, Lp

*1 Ascertain reguliatory release limit, Ly (see Figure 3)
@ / Regulations /.

NO

1s Lp>La?

YES

Is there NO

ﬁxygsn flux controt pd
e

enough data?

/Aixing with basic materiaf

Identify options for control and/or treatment

ﬁndergmund di
@ /Valer fiux control

—7/ Active effiuent treatment /
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@ /Comroi I0R )

.
WP °*°*°§° Obtain data, undertake materials testing and

e cafry out modelling as required

method
eé\oj‘ I Select option(s) to be implemented ]
% 1
1
o eooo Obtain addtional data and carry out
o‘dg‘g modelling required to specify design criteria
Produce detailed design of management
system
a(\O(\ | implement design
el
o° !
Test materials as required and test for
o e Q compliance with design spectfications
G @ Quantity effectiveness of the operation m
terms of the desgn cntera
Is the design
eftective?
(]
or,o( Monttor the continued- effectiveness of the
O\ system tor as iong as there s the potential
for unacceptable environmental impact

l identify the most cost-effective options |

l Select options for further consideration I

Passive effiuent treatment
/

~ Recycie/No release /

Is there
enough data?

Estimate cost of waste management

(stop )

@ Reters to the questions listed n
Tabte 5.

Fiaure /] Procedure for manaaina sulfidic mine wastes




FiguréIZ. Pollutant Load or Concentration Released from a Pile
of Sulfidic Mine Waste as a Function of Time

Concentration

Load or
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Glossary of Symbols
Lp Peak load or concentration of poflutants in drainage from the pile.
Lr Environmentally acceptable load or concentration of pollutants.
11} The ‘lag time’ from the time of construction to the first appearance of
poliutants in drainage from the pile.
tm The time period during which the pollutant load or concentration in drainage

from the pile exceeds Lg .
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