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Introduction
Two main types of wastes: waste rock and tailings

Tailings —pumped to
tailings impoundment

Aubertln etal., 2002 )

Specific |mpoundments
created using natural
topography and dykes
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Introduction

* Main potential environmental impacts:
— Physical stability problem (not discussed here)

— Chemical stability problem: acid mine drainage (AMD)

e Whatis AMD?

— Water flowing through mine wastes — affected by natural
bio-geochemical phenomena 4

— Two main reactions:

e oxidation by sulphide minerals (ex. pyrite,
pyrrhotite, arsenopyrite)

. neutralization by carbonates (calcite Aubertin et al., 2002
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Introduction

* How can we control the AMD problem?

* By reducing the availability of one (or more) of
the three ingredients (sulphide, water, and
oxygen), or by controlling tailings temperature

* Different methods have been developed:
— Oxygen barriers
— Water infiltration barriers
— Desulphurization

— Thermal barriers
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Oxygen barriers

- Water covers
- Elevated water table (EWT) with monolayer

cover
- Covers with Capillary Barrier Effects (CCBE)
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Oxygen barriers — water covers

Use of water covers
Modified from Li et al., 1997

® Objective : to limit O,
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e Challenge: long term stability of the dykes, old tailings

Applied with success at _Applied with success at many sites (ex. Louvicourt, sites (ex. Louvicourt, Solbec, etc.)
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Oxygen barriers — water covers
Don Rouyn, Rouyn, Qc, Can

Awoh, 2009

Subaqueous disposal
= good performance
to control AMD

o,

MEND MANUAL
—

———= VOLUME 1- SUMMARY
——
e MEND 5.4.2a
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Oxygen barriers — water covers
Solbec (Québec)

Flooding after tailings oxidation
(ex. Quirke; Solbec)

» Interactions between the
contaminated pore water and
the water cover.

»Progressive improvement of
water quality.

» A diffusion barrier can reduce
the influence of prior water
contamination
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Oxygen barriers — EWT and monolayer

cover

* Use of a monolayer cover combined with

an elevated water table (EWT
Reduce water
loss by ET

oxygen-consumption layer,

(made of low sulphide tailings)

$h > AEV Reactlve

tailing
,__/,‘_/// oy fW/MJWJ/M/ f -

Impervious core Impervious foundatien

Bussiere, 2007

Filter zone

e Objective : Maintain AMD tailings saturated at all
times (low 02 concentration)
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Depth from the cover surface

Oxygen barriers — EWT and monolayer

cover

Flux of O, that reach
the Manitou tailings <

2 moles/m?/yr

Station
1234567829

mManitou tailings

m Cover (Goldex
tailings)

- \Water level on
September 4,
2012

=\Water level on
October 23,
2012
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Ethier et al., 2013
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Oxygen barriers — Cover with Capillary
Ba rrier Eﬁ:eCtS (CCBE) Mbonimpa et al., 2002
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Applied with success at 3 sites : LTA (1995-96), Lorraine
(1999), Bouchard-Hébert (2002-2003)
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Oxygen barriers — CCBE at Lorraine site

CCBE built on the—

Oxygen barrier

Stratigraphie de la CEBC
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Oxygen barriers — CCBE at Lorraine site
Before After
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Oxygen barriers — CCBE at Lorraine site

— Steady-state oxygen flux
were calculated using Fick’s
first law and D, estimated
from volumetric water
content measurements

---<---- Station A3 —— Station B5

200 - -—-Zv--- Station A7 Design objectives |
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2009

Bussiére et al.,
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Water infiltration barriers

- Low saturated hydraulic conductivity covers
- Store-and-release cover (not discussed)
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Covers made of low k., materials

* Low k., materials (double liner is usually
recommend): natural and/or geosynthetics
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Aubertin et al. 1995
e Challenge: stop water infiltration in the long term
(not easy in humid climates)

Applied at abandoned sites in Quebec: Poirier, Aldermac, Barvue,
Normetal
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Covers made of low k

Maurice et al., 2002

’\ AN x VUE EN PLAN DU SITE POIRIER

* No long term monitoring data

available

* Drop of water table, but still
contaminated effluent

Research Institute of Mines and Environment
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| Poirier site, Joutel, Qc, Canada

e Geomembrane (HDPE) on a
geotextile directly on tailings

* Protected by a 1m till layer
(sand and gravel)




Desulphurization
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Desulphurization

Concept: reduce the mass of

* Concentrate: problematic tailings at the mill and to

— To paste backfill re-use the non problematic portion
plant |
o AP + Security= NP
— To a specific
portion of the R
Fallmgs Desulphurized tailings
Im pO un d m e nt non acid generating
Desulphurized
tailings: il Tailngs
— Can be US.Ed as Sulphide concentrate
construction Bois et al., 2004
materlal
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Desulphurization

Main uncertainties:

— New way of
managing tailings
— Desulphurization

cost (0.15 to 0.75S5/
t)

— The level of
desulphurization
needed

Bois et al., 2004
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Desulphurization

Mine Goldex

Agnico-Eagle Mines Ltd

Ville de Val d'Or Site Manitou

23 Km

Y
Manitou site
e Use of the desulphurized
Goldex tailings as cover

material
e Combined with an EWT
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Doyon mine
Option: Desulphurized
Westwood tailings to produce
cover material
e Combined with an EWT
e Evaluated at intermediate
scale in the field

Desulphurization

Pond #1 Doyon open pits

Boitiers d'acquisition

Sondes oxygéne
Tensiomeétre

Sondes succion

Protection ‘ / /

NPS i Bes

Piézometre _ < W -~ L :
Résidus A
Sonde pression sulfureux Bl
Drain R

2016
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Thermal barriers
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Thermal barriers

» Instructions: Keyboard Navigation 1~

Minerals and Mining Map 2014
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Thermal barriers

* Integrate tailings within the
permafrost by adding a cover
of inert material

* Low temperature in the
reactive tailings will :

* slow down both chemical and
biological oxidation reactions

* reduce the generation and
migration of pollutants (Holubec,
1993)

* Target tailings temperature

e tailings can still oxidize at
temperature below 0°C (-2°C;
Meldrum et al., 2001; -4°C;
Elberling, 2001)

Frozen |, Unfrozen

| »

Target 0°C Trnax

A

// insulation cover
v

Depthof zero
annual
amplitude

Tailings
(Industrial permafrost)

\
\
Geothermal gradient: dz L Permatrost|ayer
(dT/dz) \
dT

\ v

\
\ Unfrozen
v'

A 4

Soil temperature profile in continuous permafrost zone
(modified from Andersland and Ladanyi, 2004)
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Thermal barriers

T° and 0 at the tailings interface
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Conclusion

e Reclamation = control the AMD formation

e Different options — site specific (no panacea)

e Each technique has his own challenges
— Water cover — dyke stability and prior contamination
— CCBE, EWT and thermal covers — Climate change
— Geomembrane covers — durability, physical stability

— Desulphurization — production of a non-problematic
desulphurized tailings

 R&D is essential to improve existing reclamation
approach
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A UNIQUE PARTNERSHIP

g R I M E FOR PRACTICAL AND
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