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The main prediction | have to share today is that reactive transport models of mine
waste facilities will become as common as groundwater models of mine sites. Why?
Because they are powerful tools for assembling the numerous processes in waste
rock and tailings and they offer a leap forward in development of source terms for
water quality prediction. My story starts back in 2006, learning the basics of reactive
transport modelling at UBC. Then, after three years studying how rain and snowmelt
percolates through large waste rock piles, | realized it isn’t as mysterious as people
feared. Established hydrogeological methods and models could be used to predict the
water flow. The geochemistry is complex: it took the U. of Waterloo team several
more years to successfully model reactive transport in waste rock. But that moment
in 2018 in this workshop signaled to the industry that there is a better way to predict
metal leaching and acid rock drainage. For me as a consultant working with mining
companies, I’'m happy to share with you how we are using reactive transport
modelling and modern mineralogy to improve how we predict water quality to
support mine waste management and closure planning.
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I’ll introduce RTM, discuss ML/ARD prediction and how we apply modern mineralogy
methods, and present a case study on modelling tailings for a base case of a no-cover
scenario and evaluation of mitigation options



Reactive Transport Modelling

Ecometrix | fionzens

Ill start with a brief introduction to reactive transport modelling



Reactive Transport Modelling Infiltration

Numerical model representing reactions, water flow, and Water Mass
. Flow Cuk
transport in the subsurface i
= Integrates chemical and physical processes "~
\\\
= Reactions: thermodynamic equilibrium and kinetics I )

for multiple components in minerals > water +»gas /
= Mineral dissolution / precipitation
= Redox reactions

= Water flow solved with hydraulic properties and
hydraulic heads

= Transport: advection, dispersion, diffusion, ion
exchange, adsorption

< [T T T T T T

. i Seepage
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Reactive transport models are numerical models that represent reactions, water flow,
and transport in the subsurface. They integrate chemical and physical processes in a
fully-coupled framework. Looking at the schematic here, we can simulate infiltration
and unsaturated or saturated water flow. In each model cell we can simulate
reactions between mineral, water, and gas phases: for example minerals like calcite
dissolving or ferrihydrite precipitating according to thermodynamic equilibrium or
pyrite transferring mass and acidity to the water according to oxygen levels and
reaction kinetics. The water in each model cell can then equilibrate and we can
specify particular redox reactions if we need to. Water flow is simulated according to
hydraulic properties and heads, and mass is transported by advection, dispersion, and
diffusion with the ability to simulate ion exchange and adsorption.



Reactive Transport Modelling Infilration

How do these models help us? eter "CAaSS =

ow ik —

= Check and refine conceptual models i =

~ -

= Develop water quality predictions based on N

hydrogeological and geochemical processes, 7 -

rather than empirical scaling —

= Assess mitigation options l l —
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How do these models help us? We use them to check and refine conceptual models.
We develop water quality predictions based on hydrogeological and geochemical
processes, with those processes built right into the model, rather than using
empirical scaling. And we can use these models to assess mitigation options.



Prediction of ML/ARD and
Modern Mineralogy
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Okay, now I'll discuss how we apply reactive transport models and results from
modern mineralogy to the prediction of metal leaching and acid rock drainage



Recommended Flow Chart for the Prediction of
. . Mine Site Drainage Chemistry
ML/ARD Prediction

Review the general objectives and questions (Chapter 2, 3 and 4). some technical theory and
information (Chapter 5) and the background site and project information (Chapters 6 and 7).

= Price (2009) Prediction Manual for
i i Identify rock and waste units exposed or disturbed by mining. milling. concentrating and
\ Drainage C_he:mlstry . construction (Chapter 6)
=== from Sulphidic Geologic
e —— -
E=———= Materials
s Determine the form and extent of each rock and waste unit that will occur in each mine
MEND Report 1.20.1 component, such as tailings and waste rock dumps (Chapter 7).

Determine the temperature, degree of aeration, hydrogeology and drainage volume of each
mine component. This can be estimated from site hydrology and hydrogeology and climate
data (Chapters 6 and 7).

= How to develop predictions for full-scale
min e WaS‘[e ]Ca C|||ty based on < 1 kg | ab teStS? Collect samples of rock and waste units that are representative of the units and the mine

components they form. following recommendations on sample numbers, size, mass
description and handling (Chapter 8).

Conduct and interpret static tests (Chapters 9 ta 17 and 20 to 21) to determine the
composition of the selected samples (Chapter 8).

= Challenging even for mines that have

opera ted for decades Conduct and interpret kinetic tests (Chapters 18 to 21) based on static test results
(Chapters 9 to 17) for the selected samples (Chapter 8)
|

v-

Predict drainage chemistry as a function of time for each mine component (Chapter 7), based
on adjustments to static and kinetic test results for the expected flow. contributing mass and
degree of aeration or submergence (Chapter 6 and 20 to 21).

* Carry out after each step:

- revise classification of rock and waste units as needed: and
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and materials handling requirements and the resulting exposure conditions

Thankfully, much work in the previous decades has resulted in clear and
comprehensive guidance on how to predict ML/ARD from sulphidic materials.
Probably most of you are familiar with Bill Price’s prediction manual. After learning
about a site and doing lots of characterization work, the last step is to predict the
drainage chemistry. While chapter 20 discusses some options for geochemical
modelling, the most common approach is to use empirical adjustments to static and
kinetic test results to predict the drainage chemistry. But doing this accurately is a big
challenge, to develop predictions for a full-scale mine waste facility based on 1 kg lab
tests. Prediction is even challenging for mines that have operated for decades.



Static

Testing

« Acid-Base Accounting

- Whole rock elemental
analyses

- Mineralogy (e.g., XRD)

ML/ARD Prediction: Traditional Approach

Kinetic
Testing

Humidity cell tests:
« Sulfide oxidation
reaction rates
« Acid neutralization
. Metals release
rates

Scaling

Factors

Loading rates in the field
often orders of magnitude
different than in lab tests @

Attempt to account for
differences in the field ©

=) ONEINY

Mass balance approach

- Empirical model (e.g.,

GoldSim, MineMod)

- Calibrate to measured

mass loading

- Run model into future

- Particle size - Source terms are often
- Temperature the greatest uncertainty
- Flow rates

Notes - Contact

(@ Kirchner and Mattson, 2015. 10% ICARD.

(b)  Kempton, 2012. 9% ICARD. = Oxygen
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Here is a little more detail about prediction using the traditional approach. We start
with static testing in the lab... Then we do kinetic tests in the lab... We then build a
water quality model using a mass balance approach, using for example GoldSim or
MineMod. We need some kind of a bridge to cross the orders of magnitude gap
between mass loading rates in small lab tests and mass loading rates from huge mine
waste facilities. So we use empirical scaling factors to try to account for the
differences... If it is an existing mine, we have field measurements that we can use to
calibrate the model. And then we run the model into the future to develop our
forecast of water quality. But our greatest uncertainties in these forecasts are the
source terms: the mass loading rates from the waste rock and tailings.



ML/ARD Prediction: Fraditenat-Appreach Improving the Approach

. 5 5 Reactive
Static Kinetic = - . [ i
Testing Testing Lo il ety
Meodelling
. Acid-Base Accounting Hurmidity cell tests: Mechanistic models of Mass balance approach
. . Sulfide oxidati mineral reactions in . Empm»ca\ mpde\ (eg.
X\AZ‘C;'SGZOCk elemental reuacltigr??atgs‘on tailings and waste rock GoldSim, MineMod)
« Mineralogy - Acid neutralization ’ Calwbrlate t.o measured
- XRD + Metds release o o fture
- Automated SEM- rates )
. - Seurcetermsare-often-
EDS (e.g., TIMA) Field tests st cncortirty
= LA-ICP-MS

- Reduce uncertainty
in closure planning
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Now we’re improving the approach by using automated SEM-EDS and sometimes
laser ablation, which I'll discuss more. Sometimes we’re using field tests, which can
be a huge help. The key advance is that we’re using reactive transport modelling to
develop mechanistic models of mineral reactions in tailings and waste rock. This
allows us to reduce uncertainty in closure planning.



Simulated Mineral Reactions Modern mineralogy important for
+ Quantifying bulk mineralogy

trace sulphides and carbonates
* trace metals in minerals

= Understanding reactions and good mineralogy are key

Initial

Volume
Formula Reaction fraction
m3 mineral
m-3 bulk
Primary Minerals
Pyrrhotite Fe085C 0.00003 Fe085Co 0095 + 1,92502 +0.15H20 > 0.85Fe? + SO + 0.00001Co?" + 0.000002Pb? + 0.00003NiZ* +0.3H" - 1E-02
Arsenopyrite  [Feppo®toiass FePbOOUIASS + 1.5H20 + 3.2502 » Fe®" + SO + HAsO* + 0.00001Pb*" - 3E-07
Chalcopyrite  |cuFes? ICuFeS2 + 402 —» Fe?" + Cu?" + 2504* - 2E-06
ISphalerite izns Zns + 202 - S04 + Zn?* - 1E-06
Calcite caco? cacO? + H' « Ca®" + HCO¥ -8.48 2E-02
Dolomite CaMg(CO3)?2 ICaMg(C03)2 + 2H" < Ca®" + Mg*' + 2HCO¥ 171 7E-04
{Ankerite ICa(Mg,Fe, Mn)(CO3)2 ICa(Mg,Fe,Mn)(CO3)2 +2H" «» Ca?" + 0.1Mg?" + 0.87Fe® + 0.03Mn?' +2HCO¥ 1741 7E-04
Muscovite KARZ(AISIPO 10)(OH)? KAR(AISBO10)(OH)2 + 10H" 3H*Si0% + 3AI°" + K" - 5E-02
Biotite KFe3(AISPO10)(OH)? K(Mg.Fe)3(AISP010)(OH)2 + 10H" «» 3H4SI0* + AP" + 3Fe? + K* - 1E-02
Secondary Minerals
Ferrihydrite Fe(OH)am) Fe(OH)3 + 3H" o Fe® + 3H20 4.89 1E-10
Siderite FeCO3 FeCO3 «» Fe?' + CO¥ -10.9 1E-10
Gibbsite IAI(OH)? JAI(OH)3 + 3H" & A" + H20 8.11 1E-10
Gypsum Cas04x 2H20 ICaS04x 2H20 «» Ca®" + SO#* + 2H20 -4.58 1E-10
Yarosite KFe3(SO4)2(OH)8 KFe3(SO4)2(OH)6 + 6H" «» K* + 3Fe™® + 2504% + 6H20 -9.21 1E-10
Notes:

1. Metals stoichiometry based on whole rock ICP-MS, SEM-EDS (e.g., TIMA), and laser ablation ICP-MS or electron microprobe
2. Initial volume fractions based on XRD and TIMA
3. log Kiis the equilibrium constant for the reaction expressed as a logarithm
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With reactive transport modelling, it is important that we understand the reactions
and have good mineralogy testing. The mineralogy is the starting point. Here is an
example of how we simulate the stoichiometry of mineral reactions. In this case, the
main sulphide mineral is pyrrhotite, and if your eyesight is good, you can see we
incorporate in MIN3P trace amounts of cobalt, lead, and nickel in the pyrrhotite.
Other metals might be present in sulphide minerals such as arsenopyrite,
chalcopyrite, and sphalerite, which in this case are present in trace amounts. To
model the waste rock or tailings in this way, it is a huge advantage to have modern
mineralogy methods. These methods are very helpful for quantifying bulk mineralogy,
but are particularly useful for quantifying trace sulphides and carbonates and trace
metals in minerals.



Limitations of Traditional Mineralogy

= XRD: resolution marginal for minerals of interest for ML/ARD

= Whole rock elemental analyses: which minerals host the metals?
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Traditional mineralogy methods are still helpful, but they have their limitations. X-ray
diffraction has marginal resolution for the minerals of interest for metal leaching and
acid rock drainage. Whole rock elemental analyses leave us wondering which
minerals host the metals.

11



Modern Mineralogy

SEM-EDS
(e.g., TIMA)

N

Pyrrhotite
Fe(OH)s alteration rim
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Automated SEM-EDS

= Greater resolution often required for sulphides,
carbonates (minerals to 0.001 wt.%)

= |dentify metals-bearing minerals

= Mineral texture, size, liberation, associations

Operators of metals mines have been doing this
for >10 years to quantify / understand orebodies

Automated scanning electron microscopy with energy dispersive spectroscopy
provides us with the resolution we need for sulphides and carbonates. We can

identify those trace metals-bearing minerals. And we can learn about mineral texture,

size, liberation, and associations. Operators of metals mines have been doing this for
over a decade to quantify orebodies, but commercial application to mine waste is

new in the last several years.

12



Modern Mineralogy

Laser Ablation-ICP-MS or Electron Microprobe Why do we need this?

= Metals contents in minerals to ppm Metals can be toxic at trace levels

Trace Elements in Pyrite
Example from Ohlander et al. 2007

01" @ Surface o Interior
Cu Ni Zn

100 Overlying till

b 0
i 1
& { Oxidised tailings \b. {
b X I

Unoxidised tailings

Depth (cm)
g

1 1 1 L 1 1 1 J L 1 L 1 J
¢ Environmental 0 1000 2000 3000 0 100 200 300 4000 100 200 300 400
Ecometrix ‘ INTELLIGENCE ppm ppm ppm

Laser ablation ICP-MS or electron microprobe allows us to measure metals contents
in specific mineral grains to part-per-million levels. Why do we need this? Since
metals can be toxic at trace levels, we need to be able to model their trace levels in
the solid phase.




Mineral Reactions: Kinetics

Shrinking core model:
= Sulphide minerals

= Reaction rates are controlled by diffusive
transport of O, or Fe3* through an
alteration rim

= As the alteration rim grows, the reaction
rate decreases
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particle

surface ™.

reactive
surface

Time

Mayer et al. (2002)

. bulk fluid T particle

N
\ / - >y surface
_-stagnant water film. ' / \i\

\\\
A iR

leached layer, ---
alteration rim or
surface coating b

.
| \
" unreacted portion-” \L_L /‘rseuani::ee
of mineral z

E
reactant  product

!

|
//
//

B
reactant product
species  species species species

’ reaction on mineral surface
)b Micro-scale transport through stagnant water film
m

micro-scale transport through protective coating

We use several kinetic formulations for mineral reactions. One of these is the
shrinking core model, which we often use within MIN3P to simulate sulphide mineral
oxidation. Over time an alteration rim builds up on the sulphide mineral grains, as
shown in the schematic and in the SEM image. The oxidant, oxygen or ferric iron,
then has to diffuse through the reaction rim to reach the fresh sulphide mineral.
Since the reaction rim grows over time, the reaction rate decreases.

Moncur et al. (2005)
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Attenuation and Release of Metals

+ Metals release from sulphide minerals during oxidation

+ Attenuated by precipitation and adsorption under circum-neutral pH
following acid-buffering reactions

mol % bound
s o
3

S

* When carbonate minerals are depleted, the decrease in pH causes the
attenuated metals to release due to dissolution and/or desorption

Model 14 PH Pb
Results

PH (SU)

s o
Mass Load (mg/kg/day)
&

Weeks Weeks

“Short Neutralzation Period —Longer Neutralization Perlod —Very Long Neutralization Period Short Neutralization Period —Longer Neutralization Period —Very Long Neutralization Period|
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In a reactive transport model, we may need to incorporate a mechanism for metals
release and attenuation. The pH-dependent solubility inherently included in the
thermodynamics might not explain observed attenuation and release. In the case
studies I'll present next, we had to include pH-dependent adsorption and desorption
reactions. In the humidity cell example shown here, lead released from pyrrhotite,
adsorbed to iron oxyhydroxide surfaces at neutral pH, and then desorbed when
carbonates were depleted and pH dropped.

15



RTM Work Flow

Choose
Modeling

tool

If benchmarking exercise
through code intercomparison validate field/observational
has been done? data?

If model has been applied to
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This schematic shows the general work flow for a reactive transport model. First we

Build up
conceptual
models

Model
forecast

Mitigation
options

Field/lab data

interpretation

Field/lab data entails mineral
amounts, reaction rates,
hydraulics, hydrology

Model

calibration

e.g. calibration to flow,
temperature, leachates, gas
pressure......

-

Refine model

inputs

Start simple.
Layer on complexity
only as needed

choose the modelling tool. The model code has to go through verification and
validation. If we use an established model code, this has been done already. We build
the conceptual model that we’ll apply in the numerical model, based on previous
experience and site-specific data. We interpret field and lab data and build the

numerical model using those results. We start simple and refine the model inputs by
layering on complexity only as needed. We then may need to calibrate the model to

lab or field data. (David Wilson showed us with the Diavik waste rock project how the

processes can be defined well enough in a reactive transport model, that calibration

might not even be needed.) After all of that, we then have enough confidence in a
model to forecast future behaviour and assess mitigation options.
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MIN3P

= MIN3P — selected featu [ES (Mayer 1999; Mayer et al. 2011, 2015; Steefel et al. 2015)

= Transient, variably-saturated water flow in 1D, 2D, or 3D

= Advective-dispersive transport with diffusion .
www.min3p.com

= Mineral — water reactions: equilibrium or kinetic dissolution /
precipitation

= Adsorption, ion exchange, and aqueous complexation
External source-sinks

= Gas diffusion, partitioning, and reactions

Physico-Chemical Q“"“. &9“"
= Global Implicit Method: flow and geochem solved simultaneously System
. i ' ’ “ nternal
= Adaptive time steps . 4 source-sinks
Qn,a
= Other codes: PFLOTRAN, CrunchFlow, HP1, TOUGHReact '.'.‘.‘ — Qom Qs
d (|
= Powerful tool for understanding weathering of mine waste "
g g . o “ Qas
Q:,nu(‘ *goul
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For the case studies I'll present next, we used the reactive transport code MIN3P,
which was developed by Uli Mayer when he was at the University of Waterloo and
has been further developed by he and his team at UBC for over 20 years. With MIN3P
we can simulate all of the processes discussed in the previous slides. There are a few
other codes that can represent a similar suite of processes. In particular, the ability to
model variably-saturated flow, gas diffusion, and simultaneous solution of flow and

geochemistry makes MIN3P a powerful tool for understanding the weathering of
mine waste.




Case Study
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Okay, now on to the case studies

18



Case Study: Tailings Storage Facility

Precipitation Mineral Reactions

L E n +2 2 + :
Evapotranspiration FegesS + 19250, + 9.15HZO - 0.85Fe*2 + SO42 + 0.3H* + trace Co, Pb, Ni
CaCO; + H* = Ca*2 + HCOy

CuFeO + H* €> Cu2+ H,0 + :FeO

Ni:FeO + H* &> Ni*2 + H,0O + :FeO

~__—What type of cover is needed?

___________ ? Spillway installed
Runoff during closure

""""" —
—

= s Will water
: _— treatment
Starter dam Wlth ‘COfe not to scale. vertical exaggeration s F ek be needed7
and upstream raises schematic purposes only Mineral Reactions -
. . CaCO; + H* > Ca*2 + HCO5”
Will ARD develop? :
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The first case study is a tailings storage facility at a confidential gold mine site. The
tailings are exposed to precipitation and evapotranspiration, so water percolates
through them. Oxygen diffuses into the tailings, and in the unsaturated tailings,
pyrrhotite oxidizes to release iron, sulphate, and acidity plus trace cobalt, lead, and
nickel. Carbonate minerals buffer acidity, both in the unsaturated and saturated
tailings, and metals are attenuated by adsorption to iron oxyhydroxide surfaces. The
contact water seeps into the groundwater, so it is important for us to understand: will
ARD develop? Will water treatment be needed? What type of cover is needed?

19



Tailings Storage Facility during Operations Active Beach

Inactive Beach

= Process water inundates most of the tailings

= Oxidation dependent on deposition activity

Model
Domain

Mineral Reactions

Process Water / o Precipitation Evaporation
72 Upper 2 m
. nsaturated T
Seepage opesToc--l A _ Runoff Tailings Pond
Collection oS pH ~7
pH ~7 20 m
< Slurry Tailijgs
-
<~ =
Dam with slurry wall core
and upstream raises not to scale — schematic purposes only ~ —
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During operations, process water inundates most of the tailings. Tailings under the
active beaches don’t get much chance to oxidize, but tailings in an area that has been
inactive for several years have oxidized. Seepage and porewater has neutral pH,
except the porewater at the inactive beach. We modelled the facility during
operations with a 1-D domain in MIN3P, with the upper 2 m unsaturated.
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Calibration to Seepage during Operations
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With the model we’re able to represent more than a decade of measurements of
neutral pH conditions that are due to the dominance of the process water, as well as
the evident influence of reactions in the seepage at the toe of the dam. Sulphate and
cobalt are among the constituents with elevated concentrations under the neutral
conditions, and the model is able to represent this with appropriate kinetics assigned
to the sulphide oxidation reactions. Not shown here, but we also simulated the acidic
conditions in the unsaturated zone of the inactive beach, with much higher metals
concentrations in the porewater. With the hydrogeological and geochemical
mechanisms adequately modelled, we now have a tool we can use to forecast the
post-closure conditions with some confidence.
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Forecast for Post-Closure

Model Domain
Worst Case
Best-Estimate 1
\

Model Domain

Best-Estimate 2
\ ‘\\ Model Domain
3

Best-Estimate 3

- v ; Model Domain
Lo ooo ST B S ? Best Case
b o A
—_—
— i

not to scale — schematic purposes only ~

Note: Runoff model not shown
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Post-closure the tailings facility will be higher, and the water levels will drop resulting
in a thick region of unsaturated potentially acid generating tailings. We simulated the
facility with a series of 1-D model domains in MIN3P, with best-case, worst-case, and
best estimate scenarios. One of the key questions was whether the carbonate
minerals in the saturated tailings would be able to neutralize acidity generated in the
overlying unsaturated PAG tailings.
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Forecast for Post-Closure
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The forecasts represent four hundred years, because that is a relevant timeframe for
depletion of the pyrrhotite that is the main source of acidity and some of the metals.
Porewater in the surficial tailings is shown with dashed lines, and seepage from the
base of the tailings is shown with solid lines. The surficial tailings were simulated to
go acidic in the initial decade post-closure, with elevated concentrations of most
metals because the hydrogen ions dominate the sorption sites. But in the underlying
saturated tailings, we forecasted that there will be enough carbonate minerals to
maintain neutral pH seepage for most of the model runs, and some metals like nickel
will be attenuated by adsorption. But even with the neutral pH, we forecasted
seepage to have elevated sulphate, cobalt, and iron concentrations. We also couldn’t
rule out at this point the worst-case possibility that the seepage from the facility
could go acidic with high metals concentrations, which you can see with the red lines.
So we see that mitigation will be needed, especially for the runoff.

23



Case Study Part 2: Evaluation of Cover Options

Cover1
Vegetative Cover

S
10 [ GBI Sy
50 cm Sand and Gravel
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The third and final case study is using reactive transport modelling to evaluate cover

wem [ e

Cover 2
Multi-Layer
Soil Cover

20 cm Sand and Gravel

40 cm Silty Till

20cm
Capillary break; / sand and Gravel

promote moisture[ T ————r—_ |

in silty layer

Promote lateral drainage

Water shedding /
Main moisture storage layer

_— |

Tailings

—»

10 cm

50 cm

HDPE
Liner

Cover 3
Cover with HDPE Liner*

R = i

Sand and Gravel

Tailings

Note: * Simulated to provide an end-member
case, but it is not necessarily feasible

24

options on a tailings facility. We modelled three options: a vegetative cover consisting
of sand and gravel and topsoil, a multi-layer soil cover with a silty till layer between

layers of sand and gravel, and a cover with an HDPE liner.
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Moisture Content in Covers

Cover Option 1: Vegetative Cover Type 2: Multi-Layer Cover Type 3: Cover

Cover Cover with HDPE Liner No Cover

329 = High moisture content
in Cover 2 and Cover 3:
>90% saturated
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The improved covers, Cover Type 2 and 3, retained high water saturations, shown
with the blue colour. This is not surprising for the cover with the HDPE liner, but
certainly a good outcome for the multi-layer soil cover. Also, it was interesting to see
that the moisture content in the tailings below the vegetative soil cover was a little
lower than for the no-cover scenario due to transpiration through the vegetation.
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Oxygen Concentrations

gover Type 1: Vegetative gover Type 2: Multi-Layer Cover Type 3: Cover
over over ith HDPE Li
= Covers 2 and 3 wit iner

- . 329, 329,
simulated as effective 0
barriers for oxygen
ingress —F—

No Cover

02 Pressure 02 Pressure

= Sulphide mineral
consumption minimal
under Covers 2 and 3

(atm)

02
! 0.18 827
= 016

0.14

0.12

(atm)

@
]
N

@

]

N

0.08
0.06
0.04

Tailings goz

Elevation (m)
Q
3

|_anEan|
Elevation (m)
g

Elevation (m)
@
5
[
Elevation (m)
@
3

IIIIII|VII']IVI

325

)
N
o

Note: Results at 400 years shown 324 324

[
i)
o

T L U T
)
N
o

323!
Y% SRR h

o

Ecometrix | fionzens %

The high moisture content in the multi-layer cover resulted in low oxygen
concentrations in the tailings, shown in blue. Similarly the HDPE liner limited oxygen
ingress to the tailings. These improved covers resulted in minimal sulphide mineral
consumption modelled in the tailings.
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Porewater quality in the tailings under the vegetative cover was similar as for the no-
cover scenario, as you can see with the low pH and high concentrations shown with
the red and grey lines. But the porewater quality under the multi-layer cover and
under the HDPE liner, shown with the green and blue lines, was much improved in
the models. These results led our client to initiate a feasibility study for a multi-layer
cover system, with the following step likely being test plots in the field.



Conclusions

= Reactive transport modelling is a powerful tool to help understand inter-related
processes occurring during weathering of mine waste

= Modern mineralogy techniques greatly improve our understanding of sources of poor
water quality from mine waste

= By developing source terms using hydrogeological and geochemical mechanisms instead
of empirical scaling factors, we improve:
» Geochemical conceptual models
 Prediction of ML/ARD

* Evaluation of mitigation options

Environmental success is critical. These are valuable tools to help make it happen.
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Environmental success is critical for building trust in the mining industry.
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