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ABSTRACT

Omya calcium carbonate by-product that comes from the purification process of natural marble seems to have the
appropriate properties to be an effective moisture-retaining layer (MRL) in a cover with capillary barrier effects (CCBE).
To further test this option, a column test was performed where measurements of volumetric water content (8) and
oxygen concentration were performed. Also, water samples were taken at the bottom of the column after each flushing
event and chemically analysed. 8 measurements indicated that the MRL remained at a high degree of saturation. The
water quality showed that the cover limits the production of AMD. Finally, oxygen flux through the cover estimated using
two different approaches confirmed the efficiency of the cover to limit oxygen migration and, consequently, AMD
generation.

RESUME

Omya-SPS est un sous-produit provenant du processus de purification de marbre naturel. Il est constitué
essentiellement de carbonate de calcium. Ce produit semble avoir les propriétés adéquates pour constituer une couche
de rétention d’eau efficace dans un recouvrement de type multicouches. Pour tester cette option, des tests en colonne
ont été réalisés. Durant ces essais en colonne, des mesures de la teneur en eau volumétrique (B) et de la concentration
en oxygene ont été réalisées. De plus, des échantillons d'eau ont été prélevés en bas de la colonne et sur lesquels des
analyses chimiques ont été réalisées afin d’évaluer la performance de la couverture. Les mesures de 6 indiquent que la
couche de rétention d’eau constituée de produits Omya-SPS est restée prés de la saturation compléte. La qualité de
I'eau de percolation a montré que le CEBC limite la production du drainage minier acide. Enfin, le flux d'oxygéne a
travers la couverture évalué a l'aide de deux différentes approches, confirme l'efficacité de la CEBC a limiter la
migration d'oxygéne et, par conséquent, la génération du DMA.

1 INTRODUCTION CCBE usually contains three to five layers, made of

different materials; each layer has one (or more)

When mine wastes are considered acid-generating,
different management options and rehabilitation
strategies are available to inhibit the acid production. In a
humid climate, oxygen barriers are considered as the
most viable option (e.g. SRK 1989; MEND 2001). For that
purpose, an effective way to limit oxygen migration is by
the use of a cover with capillary barrier effects CCBE (e.g.
Nicholson et al. 1989; Aubertin et al. 1995; Bussiére et al.
2003). This type of oxygen barrier relies on a high
moisture content in one (or more) of its multiple layers to
prevent oxygen migration (e.g. Nicholson et al. 1989;
Collin and Rasmusson 1990; Yanful 1993; Aachib et al.
1993; Ricard et al. 1997; Bussiére et al., 2003). The
diffusion of gas through a nearly saturated porous media
can be low enough to limit the influx of oxygen from the
atmosphere to the sulphidic mine wastes, hence reducing
the rate of oxidation to a negligible value (e.g. Nicholson
et al., 1989; Rasmuson and Erikson, 1986; Aachib et al.,
1993). CCBE is considered in many situations the most
viable option over the other type of oxygen barrier to limit
acid mine drainage production.
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function(s). The bottom layer is made of a coarse-grained
material which acts as both a mechanical support and a
capillary break. The fine-grained material, utilized as the
moisture-retaining layer (MRL), is placed over the first
layer to create the capillary barrier effect. This material
should have a relatively low saturated hydraulic
conductivity (ksat) compared to the capillary break layer
(i.e. ksat 2 to 3 orders of magnitude lower that the material
below it) and a significant water retention capacity.
Another coarse-grained material is placed on the
moisture-retaining layer to prevent water loss by
evaporation and to promote lateral drainage. Usually, the
properties of the material used for this layer are similar to
those of the bottom layer. Other layers can be placed
over these layers to act as protective layers (see Aubertin
et al. 1995 for more details).

The Omya calcium carbonate by-product (called
Omya-SPS material) that comes from the purification
process of natural marble seems to have the appropriate
properties to be an effective moisture-retaining layer
(MRL) in a CCBE. To further test this option, different
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laboratory tests were performed and the main results are
presented in this paper.

More specifically a characterization of the materials
used in the column study is first presented followed by a
description of the column setup used to simulate a real
CCBE. Main results in term of water quality of the
leachates, and volumetric water content and oxygen
concentration in the CCBE are presented. Finally, oxygen
fluxes through the CCBE are calculated using sulphate
production and oxygen concentration measurements.

2 MATERIALS CHARACTERIZATION

The main physical, chemical, and mineralogical
properties of the materials used in the column are
presented in the following.

2.1 Grain size distribution and relative density of the
grains

The particle size distributions of the column components,
determined using laser diffraction for the Omya-SPS and
the Doyon tailings, and by standard sieves for the sand
are presented in Figure 1.
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Figure 1. Grain size distribution of the materials used in
the columns

This figure shows that the Doyon and Omya-SPS
materials are relatively fine, while the sand is coarse
compared to the other materials. These differences can
be expressed using the Djo, Dso, and Dgy parameters
(diameter of particles at 10%, 50 % and 90% passing
respectively). These parameters (Do, Dso and Dgy) are
respectively 76, 200 and 445 um for the sand, 0.8, 16 and
70 ym for the Omya-SPS, and 4, 22 and 88 uym for Doyon
tailings. The measured relative density of the grains D;
(using a helium pycnometer) are 2.71, 2.73, and 2.82
respectively for sand, Omya-SPS, and Doyon tailings.

2.2 Hydraulic properties

Permeability tests were performed according to the ASTM
D 5084-90 standard. For void ratios varying between 0.52
and 0.55 (porosity of 0.34 to 0.36), the saturated
hydraulic conductivity (ksat) of the Omya-SPS material is
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between 1.3E10° and 1.9E10° cms, typical of a silty
material. A representative water retention curve (WRC)
for the Omya-SPS is presented in Figure 2. For the tests
performed, the air entry values (AEV) measured are
between 7 and 10 m of water for void ratios between 0.46
and 0.51.

Figure 2 also shows the predicted WRC using the
modified Kovacs Model (Aubertin et al. 1998; 2003) for
the sand where the AEV is estimated between 0.3 and
0.4 m of water. This figure shows the contrast in term of
water retention properties between the Omya-SPS and
the sand. These differences should give the desired
capillary barrier effects in the CCBE (e.g. Bussiére et al.
2003, 2007).
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Figure 2. Typical retention curves of the tested materials

2.3 Initial chemical and mineralogical characterization
The chemical composition of the different materials used
was analysed with an ICP-AES, following an acid
digestion, except for sulphate sulphur (Ssos4) which was
extracted from the solids with a 40 % HCI solution. Acid-
base accounting (ABA) test was performed on the Omya-
SPS materials and Doyon tailings. For the latter material
neutralizing potential was estimated using the modified
Sobek method proposed by Lawrence and Wang (1997)
For the Omya-SPS neutralizing potential was determined
based on the mineralogy. The results obtained are
presented in Table 1.

The Doyon tailings show a net neutralization potential
NNP (Neutralization potential NP - Acid potential AP) of
-86.9 kg CaCOgs/t, and are therefore considered acid-
generating; note that acid generation is observed on site
confirming the NNP result. The Omya-SPS material
shows a high NNP of almost 700 kg CaCOas/t. The Omya-
SPS material is mainly composed of calcium (26.0 %)
with minor amounts of magnesium (1.89 %), sodium
(0.622 %) and aluminium (0.448 %). The sand is
composed of aluminium (4.62 %), iron (1.89 %), and
calcium (1.82 %) while the Doyon tailings contain some
aluminium (6.11%), iron (4.8%), sulphur (3.60%) and
calcium (1.30%). For the sand and Doyon tailings, the
total percentage of the elements in Table 1 is lower than
100% due to the presence of silicium in the solid (element
not analysed).
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Table 1. Chemical characterization and ABA test results
for the studied materials

Elements Omya SPS  sand Doyon
Al (%) 0,448 4,62 6,11
Ca (%) 26,0 1,82 1,30
Cu (%) <MDL <MDL 0,063
Fe (%) 0,187 1,89 4,8
Mg (%) 1,89 0,732 0,716
Mn (%) 0,007 0,029 0,048
Na (%) 0,522 0,402 0,658
S (%) 0,032 0,002 3,60
Sso4 (%) <MDL <MDL 0,184
Zn (%) 0,001 <MDL 0,013
NP (kg CaCOalt) 698* n/a 19,8
AP (kg CaCOslt) 0.06 n/a 106,7
NNP (kg CaCOslt) | 697.94 n/a -86,9

MDL: method detection limit; n/a: not analyzed

The mineralogical composition of the materials used
was determined by X-Ray diffraction using the Rietveldt
method (Taylor and Hinczak, 2001). Table 2 indicates
that the sand is mainly composed of quartz (44.9%),
anorthite (27.8%), and albite (15.1%), with minor amounts
of other silicates. Those minerals have a low reactivity in
the column test conditions and are therefore considered
non-reactive. The Doyon tailings are mainly composed of
quartz and muscovite, with almost 6% pyrite (acid-
generating mineral), and 2.8 % calcite (neutralizing
mineral), traces of dolomite and minor amounts of chlorite
and albite. The Omya-SPS material is composed of 70%
calcite, 20% quartz, and minor amounts of silicates.

Table 2. Mineralogical characterization of the column
components

Mineral Sand Doyon Omya-SP$S
Quartz (%) 449 56.3 19.3
Muscovite (%) 5.7 27.0 1.8
Chlorite (%) 1.8 3.1 0.8
Albite (%) 15.1 4.7 15
Actinolite (%) 4.6 - 6.6
Anorthite (%) 27.8 - -
Calcite (%) - 2.8 69.8
Dolomite (%) - 0.2 0.1
Pyrite (%) - 5.9 -
Total (%) 99.9 100 99.9

3  COLUMNS SETUP

The CCBE column contains a cover with capillary barrier
effects placed over 30 cm of Doyon (reactive) tailings.
The CCBE is composed of a 50 cm layer of Omya-SPS
material sandwiched between two 30 cm sand layers (see
Figure 3). The control column only contains the Doyon
tailings layer.
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The CCBE column is equipped with TDR probes to
measure volumetric water content, with tensiometers to
measure suction, and with gas ports to measure oxygen
concentration. The different equipments are located at 43,
73 and 93 cm from the bottom of the column (see Figure
3). Each TDR probes was calibrated in the laboratory with
the Omya-SPS materials to improve the accuracy of the
measurements (see Figure 4). Also, both columns are
equipped with a ceramic plate at the bottom, used to
artificially set the location of the water table (at 1.50 m
below the column), and with a water outlet for water
collection. More information on the column setup and on
the preparation of the column test can be found in
Demers and Bussiére (2008; this conference).
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Figure 4. TDR probes calibration with the OMYA-SPS
material

The flushes in both columns are done on a monthly basis.
At each flush, 2L of deionised water is added at the top of
the column and the water is drained out of the column
after approximately 5 days. Water travelling through the
cover and tailings gathers soluble elements from the solid
materials, and as such could represent exfiltration water
found beside a tailings impoundment. Leachate is
collected at the bottom of the columns and analyzed for
its quality (pH, Eh, metal content, acidity, and alkalinity).
Measurements of volumetric water content and oxygen
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concentration were performed 7 and 28 days following
each flush.

At the beginning of the tests (between the initial and
2nd flush), the column did not drain because of an air-
trapping effect. Thereafter, a bag filled with nitrogen was
connected to the bottom sand layer to allow drainage.
Hence, the first flush was longer (46 days) but the time
between two consecutive flushes remained stable after
that. Also, in December 2006, a saturation of the column
was performed. The objective was to simulate a wet
period similar to the one observed after the snow melt in
Québec. This wet period usually has a beneficial effect on
the performance of a CCBE.

4 RESULTS

Results of water quality of the recovered leachates (after
each flush), volumetric water content and oxygen
concentration profiles are presented in the following
paragraphs.

4.1 Water quality

Figure 5 shows that the CCBE column leachates had a
pH greater than 7.6 after 526 days while the Doyon
column had a pH less than 4. The Eh values showed a
higher rising trend in the Doyon column (between 328
and 542 mV) than in the CCBE column (between 293 and
466 mV), indicating that oxidation seems to be happening
more rapidly in the Doyon column. However, conductivity
values were close in both columns, with values between
2500 and 4000 pmhos.cm.

Figure 6 shows the elements associated to
neutralization (calcium, magnesium, and manganese),
which are essentially linked to carbonate dissolution;
aluminum, coming mainly from silicates dissolution is also
presented.

The calcium values were similar in both columns,
while magnesium, manganese, and aluminum values
were much higher in the Doyon column than in the CCBE
column. Aluminium appeared in very low concentrations
in the water leached from the CCBE column, while in the
Doyon column its concentration raised from under 1 ppm
(before 300 days) to almost 62 ppm (at 484 days). This
behaviour is explained by the fact that aluminum
hydrolyses into AI(OH); under pH 5.5-6.0. Since pH
values in the CCBE column remained over these values
throughout the experiment, aluminum values remained
very low in this column. For pH values below 5, the
weathering of silicate increased and no significant
precipitation occurred. This phenomenon is observed in
the Doyon column after 300 days.

Figure 6 also shows that copper, zinc, nickel, iron, and
sulphur have lower concentrations in the CCBE column
than in the Doyon column. These low concentrations in
the CCBE column indicate lower sulphide oxidation rates.
For the Doyon column, one can observe that the
concentrations of copper, zinc, nickel, and iron increase
significantly after 300 days.

This rising trend could be explained by two
phenomena. First, secondary mineral precipitation
happens mostly over pH 6, and the pH dropped below
these values after 335 days in the Doyon column.
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Figure 5. Evolution of pH, Eh and conductivity during test

Second, the pH drop observed after 300 days in the
Doyon column accelerated sulphide oxidation and thus
the leaching of these metals into the Doyon column.
Although some of the released elements (copper and
zinc) exceeded the authorized REMM limits (from 0.3 to
1.0 mg/L) in the early flushes of the CCBE column, they
were under the accepted values for all the later flushes.
Zinc, copper, iron, and sulphur concentrations show a
decreasing trend during the test in the CCBE column.
While sulphur levels in the Doyon column varied from 800
to 1400 mg/L, the concentrations in the CCBE column
were relatively stable with a slight decreasing trend from
600 to 500 mg/L. Again, these lower values are explained
by the lower oxidation rate.



GeoEdmonton'08/GéoEdmonton2008

900 - 100,000 -
800
700 10,000 - EHErB/E
~ 600 |
2 = i
\? 500 Ej/u E‘ 1,000 /ZI
= 4004 b 0.100E
© 300 4 2 x
200 1 0,010 4 o
100 1
0 : : : : : : : : : : : . 0,00l V7T T T T T T T
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time (Days) Temps ()
350 - 100,000 4
300 4 10,000 4
% 250 1
2 1,000
g 200 4 ? ;
e 1501 = 0,100
100 1 ©
01 W*\w»( "
0 T T T T T ! 0,001 T T T T T 1
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time (Days) Temps ()
1000,000 - 100,00 -
100,000 4 Baﬂ/ag_gaﬂgﬂﬂ
10,00
a 10,000 4 a
g 1000 ERRELE
g =
0,100 g N
0,10
0,010 4
0,001 . . . . . . 0,01 . . . . . .
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Temps (j) Temps ()
100,000 4 10,000 4
10,000 1
1,000 4
3 1,000 | 2
g 20,100
E 5
= 0,100 | = me [’&&(
= i z
0,001 . ; ; ; : : 0,001 , , . . . .
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Temps () Temps (j)
1600 -
1400 1 — OMYA
1200 1 Diowon
~ 1000 g ¥
o
éﬂ 800 \:
& 6001
400 |
200 1
04+
0 100 200 300 400 500 600

Temps (j)

Figure 6. Evolution of the neutralization-associated elements and metal concentration during the test
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4.2 Volumetric water content measurements

Volumetric water content measurements were performed
at two locations (see Figure 3):

e 43 cm located in the middle of the sandy layer
(used as capillary break layer);

e and 93 cm located near the top of the Omya-
SPS material (the sensor at 73 cm was
defective).

During the first flush, different problems occurred and
volumetric water content measurements did not
performed well. Measurements for the other flushes are
presented in Figure 7. The volumetric water contents
remained constant (=30%) in the Omya-SPS material
which corresponds to a degree of saturation greater than
85% (assuming a porosity of 0.35). Some variations were
measured in the bottom sand layer, but 6 values were
usually around 18 %. However, for the period following
the saturation event, © values remained relatively
constant at approximately 12%. These volumetric water
contents were reached rapidly after the end of the flush
(=1 day).

This important contrast in the volumetric water content
between the capillary break layer and the moisture-
retaining layer is indicative of well developed capillary
barrier effect.
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Figure 7. Volumetric water content measurements during
the testing period

4.4 Oxygen concentration measurements

The oxygen measurements showed a variation
between the different sampling port locations in the
column with CCBE (see Figure 8).

Higher oxygen concentrations were measured at the
location 93 cm and lower concentrations were observed
at the location 43 cm, in the sand layer. For this last
location, oxygen concentrations were usually lower than
5%. These measurements indicate the presence of a
decreasing gradient between the top and the bottom of
the CCBE; the oxygen concentration difference between
the top and the bottom is between 7 and 21%.

The oxygen concentration decrease with depth is
explained by oxygen consumption of the Doyon tailings at
the bottom of the column. These oxygen profiles
observed in this investigation are typical of others
measured in covers placed over acid generating tailings
(e.g. Demers 2008).
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Figure 8. Oxygen concentration at the different gas
sampling ports

5 PERFORMANCE OF THE CCBE TO LIMIT
OXYGEN MIGRATION

The oxygen flux through the cover can be evaluated by
calculating the diffusive oxygen fluxes using Fick’s first
law. Also, this oxygen flux can be evaluated using
sulphate flux measured in the leachates.

51 Description of the methods used

The oxygen flux can be calculated using the Oxygen-
gradient method (e.g. Elberling et al. 1994). This
approach uses Fick’s first law (e.g. Nicholson et al. 1989)
that can be written as:

Ft)=-D, 220 [

where F(t) is the diffusive oxygen flux [MLT" or
MoIeL'zT'1], C(t) is the gas concentration in the gaseous
phase at time t [ML'3 or MoIeL'31], D, is the effective
diffusion coefficient of oxygen [L2T' ] and z is the position
[L]. In Eqg.1, the oxygen gradient is calculated using
oxygen concentrations measured at the two sampling
points in the moisture-retaining layer made of Omya-SPS
material. The accuracy of the calculated fluxes depends
on the oxygen concentration measurement precision, and
on the approximation of the diffusion coefficient De which
was estimated from the following expression (Aachib et
al. 2004):

1

D, = n_z(ogaga +HDG 0P 2]

In this equation, H is the dimensionless Henry’s
equilibrium constant (H = 0.03 at 20°C), n is the porosity,
6, [-] is volumetric air content in the material, 6 is the
volumetric water content (measured with the TDR
probes), D.’and D,’° [L2T'1] are the free oxygen diffusion
coefficients in air and in water, respectively (at room
temperature, D.’ =1.8x10° m%s and D,’ =2.5x10° mZ/s).
Exponents p, and py reflect the tortuosity of the flow path
in the porous media (e.g. Aubertin et al. 2000). The value
used for exponents p, and pw is 3.3, as proposed by
Aachib et al. (2002).

Sulphate production is an indication of oxidation
reactions taking place in the column. Since the OMYA-
SPS contains a very small quantity of sulphur (0.032
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ppm, see Table 3), the sulphate flux (sulphate
concentration in leachate for surface area over time)
measured is assumed to come from the Doyon tailings
essentially. The conversion from sulphate flux to oxygen
flux can be performed using the stoichiometry of the
overall sulfide oxidation reaction (Kleinmann et al. 1981):

FeS(S) +£Oz(g) +HO>FE" +2SG +2H"  [3]

Eq. (3) indicates that 3.75 mol of gaseous oxygen (O2)
produce 2 mol of sulphate, which corresponds to a ratio
02:504% of 1.75. This approach of using sulphates
concentrations in the leachates to estimate the oxygen
flux through the CCBE is called the Sulphate-release
method (Elberling et al. 1994).

5.2 Results

The calculated fluxes with the Oxygen-gradient method
(using the entire test data of volumetric water content and
assuming n=0.35) were between 1.3 and 15.2 mol-
Ozlmzlyear (see Figure 9). The mean value of the
calculated oxygen flux was 4.8 mol/mZ/year. Figure 9 also
shows that the fluxes are usually less after the saturation
event, confirming the positive effect of having such type
of event on the capacity of the CCBE to limit oxygen
migration. The measured fluxes are also comparable to
field measurements on water and CCBE covers (e.g. Li et
al., 2000; Dagenais et al. 2005; Demers 2008).
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Figure 9. Evaluation of the oxygen flux at the bottom of
the moisture retaining layer using Sulphate-release and
Oxygen-gradient methods

Oxygen fluxes, using the Sulphate-release method, were
calculated using the approach presented above. Figure 9
shows that the oxygen flux estimated with this method are
between 2.5 and 12.4 moI/mZ/year, with a mean value of
6.3 mol/mZ/year. These values are in accordance with the
values obtained using the Oxygen-gradient method and
with those measured on existing CCBEs (Dagenais et al.
2005; Bussiére et al. 2006).

6 CONCLUDING REMARKS
The main conclusions of this experimental project are:

e The geochemical behaviour of the columns indicated
that the CCBE with a moisture-retaining layer made of
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the Omya-SPS material limits the production of AMD;
the leachates had near neutral pH values and low
metal concentrations.

¢ Volumetric water content measurements showed that
the Omya-SPS material was at a high degree of
saturation during the entire testing period. The bottom
sand layer remained at a relatively low volumetric
water content during the test (between 10 and 20%).
This water distribution in the CCBE is typical of an
efficient CCBE.

e The O, concentrations were decreasing with depth
(from top to bottom). This behaviour is explained by
the oxygen consumption in the Doyon tailings at the
bottom of the column.

e The oxygen fluxes through the CCBE estimated with
two approaches confirm the ability of the cover to limit
oxygen migration. After few months, the oxygen fluxes
were usually between 1 and 5 mol/m?/year, which
correspond to measured fluxes from efficient oxygen
barriers used to limit AMD generation.

This study confirms that the Omya-SPS is a good
material for being used as moisture-retaining layer in a
CCBE. However, more work should be done at the
intermediate field scale to confirm these laboratory
results.

ACKNOWLEDGEMENTS

This project was funded by Omya Canada Inc. The
authors would like to thank the URSTM technical staff
(Alain Perreault, Mathieu Villeneuve and Yvan Poirier) for
the laboratory work. The authors also wish to thank Dr.
Isabelle Demers for her help to improve the manuscript.

7 REFERENCES

Aachib, M., Mbonimpa, M., and Aubertin, M. (2004).
Measurements and prediction of the oxygen diffusion
coefficient in unsaturated media, with applications to
soil covers. Water, Air and Soil Pollution, 156, 163-
193.

Aachib, M., Aubertin, M. and Chapuis, R.P. (1993). Etude
en laboratoire de la performance des barrieres de
recouvrement constituées de rejets miniers pour
limiter le drainage minier acide - Un état de la
question. Report EPM/RT-93/32, Ecole Polytechnique
de Montréal.

Aubertin, M., Chapuis, R.P., Aachib, M., Bussiere, B.,
Ricard, J.-F., and Tremblay, L. (1995). Evaluation en
laboratoire de barriéres séches construites a partir de
résidus miniers. MEND Report 2.22.2a.

Aubertin, M., Aachib, M., Authier, K. (2000). Evaluation of
diffusive gaz flux through covers with a GCL.
Geotextiles and Geomembranes, 18, 215-233.

Aubertin, M., Ricard, J. F., Chapuis, R.P. (1998). A
predictive model for the water retention curve:
application to tailings from hard-rock mines. Canadian
Geotechnical Journal, 45: 55-68 (with Erratum, 36:
401 (1999)).

Aachib, M., Aubertin, M., and Mbonimpa, M. (2002).
Laboratory measurements and predictive equation for
gaz diffusion coefficient of unsaturated soils. Proc.,



GeoEdmonton'08/GéoEdmonton2008

55" Can. Geotech. And 3™ joint IAH-CNC and CGC
Groundwater Speciality conferences, Niagara Falls,
CD-Rom, 163-171.

Aubertin, M., Mbonimpa, M., Bussiére, B., Chapuis, R.P.
(2003). A model to predict the water retention curve
from basic geotechnical properties. Canadian
Geotechnical Journal, 40: 1104-1122.

Bussiére, B., Aubertin, M., Mbonimpa, M., Molson, J.W.,
Chapuis, R.P. (2007) Field experimental cells to
evaluate the hydrogeological behaviour of oxygen
barriers made of silty materials. Canadian
Geotechnical Journal 44(3): 245-265.

Bussiére, B., Aubertin, M., Chapuis, R. P. (2003). The
behavior of inclined covers used as oxygen barriers.
Can. Geotech. J., 40(3), 512-535.

Bussiére, B., Magsoud, A., Aubertin, M., Martschuk, J.,
McMullen, J., Julien, M. (2006). Performance of the
oxygen limiting cover at the LTA site, Malartic,
Quebec. CIM Bulletin 1(6): 1-11.

Collin, M. and Rasmuson, A. (1990). Mathematical
modelling of water and oxygen transport in layered
soil covers for deposits of pyritic mine tailings, Acid
Mine Drainage: Designing for Closure. GAC-MAC
Annual Meeting, pp. 311-333.

Dagenais, A.-M., Aubertin, M., Bussiére, B. et Cyr, J.
(2005). Performance of the Lorraine mine site cover to
limit oxygen migration. SME Transaction, 318, 190-
200.

Demers, 1., Bussiére, B. (2008). Methodology for
instrumented column tests in acid mine drainage
prediction and cover efficiency evaluation to ensure
results repeatability. Proc., 61°" Can. Geotech. And 9"
joint IAH-CNC and CGC Groundwater, Edmonton (this
proceeding).

Demers, ., 2008. Utilisation de la désulfuration
environnementale dans la restauration de parcs a
rejets miniers. Ph.D Thesis, UQAT, Rouyn-Noranda.

Elberling, B., Nicholson, R.V., Reardon, E.J., Tibble, P.
(1994). Evaluation of Sulphide Oxidation Rates: a
Laboratory Study Comparing Oxygen Fluxes and
Rates of Oxidation Product Release. Can. Geot. J.,
Vol. 31, N. 3, June 1994, pp. 375-383.

Kleinmann, R.L.P., Crerar, D.A. et Pacellil, R.R. (1981).
Biogeochemistry of acid mine drainage and a method
to control acid formation. Mining Engineering, pp. 300-
304.

Lawrence, R.W. et Wang, Y. (1997). Determination of
neutralisation potential in the prediction of acid rock
drainage. Proc. 4th ICARD, Vancouver, BC, p.449-
464

Li, M., Catalan, L. J. J., St-Germain, P. (2000), Rates of
oxygen consumption by sulphidic tailings under
shallow water covers: field measurements and
modelling. Proc., 5" International Conference on
Acidic Rock Drainage, The Society for Mining,
Metallurgy, and Exploration, Inc., Denver, Colorado,
Vol. 2, 913-920.

MEND (2001). MEND Manual, Report 5.4.2, Volume 4 —
Prevention and Control, Secretariat CANMET.

870

Nicholson, R. V., Gillham, R. W., Cherry, J. A., and
Reardon, E. J. (1989). Reduction of acid generation in
mine tailings through the use of moisture-retaining
cover layers as oxygen barriers. Canadian
Geotechnical Journal, 26: 1-8.

Rasmuson, A. and Erikson, J.C. (1986). Capillary barriers
in covers for mine tailings dumps. Report 3307, The
National Swedish Environmental Protection Board.

Ricard, J.F., Aubertin, M., Firlotte, F.W., Knapp, R. and
Mcmullen, J. (1997). Design and construction of a dry
cover made of tailings for the closure of Les Terrains
Auriféres  site, Malalrtic, Québec, Canada.
Proceedings of the 4" International Conference on
Acid Rock Drainage, Vancouver, 4 : 1515-1530.

Steffen, Robertson and Kirsten (B.C.) Inc. (SRK). (1989).
Draft acid rock drainage technical guide. Volume I.
Report prepared for British Columbia Acid Mine
Drainage Task Force, Bi-Tech Publishers Ltd.,
Vancouver, BC.

Taylor, J.C. et Hinczak, I. (2001). Rietveld made easy: A
Practical Guide to the Understanding of the Method
and Successful Phase quantifications. J.C. Taylor and
I. Hinczak.

Yanful, E. K. (1993). Oxygen diffusion through soil covers
on sulphide mine tailings. J. Geotech. Eng., ASCE,
119, 1207-1228.





