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• Anticipated geochemistry of 

dry stack tailings 

• Site conditions that will 

influence cover performance 

• Anticipated performance of 

cover systems at Cantung 

• Preliminary basal seepage 

assessment 

• Post-closure stability of closure 

landforms 

• Studies to inform on final 

closure cover system design 

 

 

Presentation Outline 



Anticipated Geochemistry 
of Dry Stack Tailings 

• The key geochemical concern related to the Cantung 
tailings relates to their potential for acid generation. 

• Acid generation occurs when sulphides (pyrrhotite 
[FeS]) are exposed to oxygen and water and react to 
produce acidity. 

FeS + 2.25O2 + 2.5H20  => Fe(OH)3 + SO4
2- + 2H+ 

 

 
   



Anticipated Geochemistry 
of Dry Stack Tailings 
• The main sulphide at Cantung is pyrrhotite (FeS) 

which is present in variable amounts, typically on 
the order of 5% to 10% (as total sulphur) 

• This is used to calculate acid potential (AP) which is 
generally ~200 to 250 kg CaCO3/t equivalent.   

• Acid produced from sulphide oxidation can be 
neutralized by alkalinity producing minerals such as 
calcite (CaCO3). 

• Calcite is also variable in the Cantung tailings but 
typically on the order of 150 to 200 kg CaCO3/t 
expressed as neutralization potential (NP).   

 

 



Anticipated Geochemistry 
of Dry Stack Tailings 

• The NP/AP ratio  
has also varied  
over time, but is  
often <1 

• NATCL has  
classified their  
tailings as  
predominantly PAG  
but with a long lag  
phase (or delay) to the  
onset of acidic conditions. 



Anticipated Geochemistry 
of Dry Stack Tailings 
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Depth of Oxidation 

• There are two dominant processes that 
influence the depth to which oxygen can 
ingress into tailings: 

1. The rate at which oxygen consumption occurs 
(sulphides oxidize consuming oxygen in air), and 

2. The rate of oxygen diffusion into the tailings 
mass. 

• We can observe this depth of oxidation in the 
existing tailings and we can model this depth 
of oxidation in the dry stack facilities. 

 



Depth of Oxidation 

• Observations in the Flat River Floodplain. 
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Depth of Oxidation 

• Observations in TPs 1 and 2. 
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Cover - typically upper 1 to 2m pH ~7 to 8 

Minor evidence of oxidation (a few 10s of cm ) 
pH ~ 6 to 8 
 

Unoxidized tailings (often saturated) pH ~7 to 8 



Depth of Oxidation 

• 1-Dimensional Simplified Model – pairing 
oxygen consumption and oxygen diffusion 

• Oxygen consumption was quantified in 
humidity cell testing 

• Humidity cell sample 

– Fresh mill composite tailings 

– Total S = 9% 

 

 

 

 

 



Depth of Oxidation 
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• Humidity cell testing was 
completed for +300 cycles.   

• pH declined at ~200th cycle 
from pH 7 to 8 to pH ~3. 

• SO4 release rate had earlier 
increase, with greatest 
increase from cycles ~ 100 
to 200.  

• By maintaining near neutral 
pH in TPs and in DST 
facilities, SO4 release rates 
should be kept at lower 
levels (200 to 500 
mg/kg/wk). 

Floodplain 
Tailings 

TP and DS 
Tailings 



Depth of Oxidation 

• SO4 release rates can be converted to O2 consumption 
rate using the oxidation reaction of FeS: 

 

FeS + 2.25O2 + 2.5H20  => Fe(OH)3 + SO4
2- + 2H+ 

 

• For every mole of SO4 produced, 2.25 moles of O2 are 
consumed. 

• Calculating O2 consumption rate, assuming SO4 release 
between 200 and 500 mg/kg/wk (while pH near neutral) 
results in values of: 

1.2 x 10-5 to 3.5 x 10-5 mol/m2/s 

 

measured calculated 



Depth of Oxidation 

• Looking at the influence 
of sulphide content on 
oxidation depth 
(assuming low saturation) 

• Higher S content, the 
lower the depth of 
oxidation 

• With low saturation, 
depth of oxidation could 
vary from ~1 to 2.5 m 

Model derived from: Nicholson, R.V., 1984.  Pyrite Oxidation in Carbonate Buffered Systems: Experimental Kinetics and Control by Oxygen 
Diffusion, Ph.D. Thesis, Department of Earth Sciences, University of Waterloo, Waterloo, Ontario, Canada. 



Depth of Oxidation 

• This oxygen consumption rate measured in the 
humidity cell is not limited by the presence of oxygen 
– i.e. O2 is fully available to all sulphide particles. 

• In the field, O2 is only available in pore spaces not 
filled with water. 

 

 
Unsaturated, 
particles 
exposed to O2 

Higher degree 
of saturation, 
fewer particles 
exposed to O2 



Depth of Oxidation 
• Looking at the 

influence degree of 
saturation (assuming 
typical S content) 

• Higher degree of 
saturation, the lower 
the depth of oxidation 

• Saturation has a 
greater influence than 
S content, with high 
saturation limiting O2 
to top ~10 cm or so 

Model derived from: Nicholson, R.V., 1984.  Pyrite Oxidation in Carbonate Buffered Systems: Experimental Kinetics and Control by Oxygen 
Diffusion, Ph.D. Thesis, Department of Earth Sciences, University of Waterloo, Waterloo, Ontario, Canada. 



Depth of Oxidation 

• Conceptual model agrees with observations in the 
Floodplain tailings and TP facilities. 

• Floodplain tailings are unsaturated and 
observations suggest the depth of oxidation is 
between 30 cm and 2 m. 

• TPs 1 and 2 have high degree of saturation and 
tailings have remained non-acidic, evidence of 
oxidation appears confined to within a few 10s 
of cm below the interface of the cover. 



Depth of Oxidation 

• While the depth of oxidation could vary, it is 
expected that it will be limited to a surface effect. 

• A key difference from the Floodplain tailings to 
those in the TP facilities and in the proposed dry 
stack facilities is that the Floodplain deposit is thin 
with limited ‘reserve’ of calcite NP beneath the 
acidic tailings. 

• The other deposits are thicker and have significant 
residual NP in the zone beneath any potential 
oxidation and acid generation.   

 



Depth of Oxidation 

• Because of this reserve of NP, seepage from an oxidized fringe 
would flow through and be buffered by underlying calcite.  
Basal seepage is therefore not expected to become acidic. 

 

 



Conceptual Model of DSTSF 
Post-Closure Performance 

• Given the sulphide sulphur content of the dry stack 
tailings is likely to remain ~5%, managing the degree 
of saturation is the key control measure for 
preventing the development of acidic conditions in 
the tailings. 

• This will be a key objective of the closure cover.  

• With the cover, it is expected that saturation will be 
higher, basal seepage will remain near neutral with 
low concentrations of key parameters, tailings will 
not oxidize to acidic conditions, surface run-off will 
remain unaffected. 

 



Key Factors that Influence 
Cover System Performance 

• Site climate conditions 

• Physical and hydraulic characteristics of tailings 

• Physical and hydraulic characteristics of cover materials 

• Hydrogeological setting 

of waste storage facility 

• Surface topography 

• Vegetation conditions 



• Continental subarctic, humid 
climate regime 

• ~620 mm mean annual total 
precipitation (50/50 split 
between rain and snow) 

• ~320 mm mean annual 
potential evaporation 

• Majority of net infiltration / 
groundwater recharge occurs 
as a result of spring snowmelt 

Site Climate Conditions 



• Dry stack tailings expected to 
have similar physical/hydraulic 
characteristics as tailings in 
wet ponds 

• Cantung tailings possess ~39% 
sand, ~56% silt, ~5% clay-size 

DS Tailings Physical and 
Hydraulic Characteristics 

• Estimated porosity of 34% and 
ksat of 1 x 10-5 cm/sec 

• Relatively high ability to retain 
water under drainage or 
evaporative conditions 



• Unconsolidated deposits in Flat 
River valley (outwash, fluvial, 
reworked talus materials) 

• Fine sandy-silt to coarse silty, 
sandy gravel gradation range 

Local Soil Physical and 
Hydraulic Characteristics 

• TP1/TP2 cover material contains 
~37% gravel, 41% sand, 18% silt, 
and 3% clay-size particles 

• Estimated porosity of 33% and 
ksat of 1 x 10-3 cm/sec 

• High infiltration capacity 



• DSTSFs to be located on 
terraces in Flat River valley 

• Ditches to divert waters 
from upgradient watersheds 
away from DSTSFs 

Hydrogeological Setting 

• Long-term basal seepage 
rates will equal long-term 
cover net percolation rates 



Definition of Net Percolation 

(pore-water released to groundwater system) 
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Anticipated Performance of 
Various Cover Systems 

Expected Conceptual Performance 

Description of Nominal Cover System Design 
Category 

Net Percolation 
(% of precipitation) 

High 40 to 60% 1 m of local soil material without positive drainage or vegetation 

Moderate 20 to 30% 1 m of local soil material with positive drainage and a cover of native 
plant species 

Low 10 to 20% 
A lower permeability layer (e.g. compacted finer-textured material) 
overlain by 1 m of local soil material with positive drainage and a 
cover of native plant species 

Very low < 5% A geosynthetic ‘liner’ product overlain by at least 1 m of local soil 
material with positive drainage and a cover of native plant species 

 

• Important to remember conceptual model for reducing 
ARD post-closure … controlling oxygen availability more 
important than controlling net percolation 



Average Degree of Saturation 
Profiles Estimated for TP1/TP2 
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Degree of Saturation

1 m Coarser Textured Material

3 m Coarser Textured Material

1 m Finer Textured Material

3 m Finer Textured  Material

~2 months for upper 1 m of tails to 
reach 0.85 degree of saturation  



• Develop preliminary estimates of drain-down / wetting-up periods and 

seepage rates for various closure cover system alternatives 

• SEEP/W seepage model used to complete transient analysis of several 

1-D columns representative of TSF 6 plateau and slope 

Basal Seepage Assessment 
Purpose and Approach: 

• Columns built in lifts and at different times to mimic planned phased 

filling in discrete sections (over 10 years) 

• Progressive reclamation assumed 



Material Properties: 
• Base case tailings ksat = 1 x 10-5 cm/sec 

• Tailings water retention curve estimated based on gradation curve 

• Tailings placement volumetric water content = 0.26 cm3/cm3 

Upper Boundary Condition: 
• Net infiltration / percolation flux 

• Snowfall accumulation removed during operations 

• Lower flux on slopes due to runoff 

(% of rain) (mm/yr) (% of rain+snow) (mm/yr)

Slope 15% 50 20% 130

Plateau 20% 65 30% 190

Location
Operations Flux Post-Closure Flux

Seepage Assessment – Key 
Assumptions and Inputs 



Basal Seepage Assessment 
– Key Findings 

1) Considerable reduction in seepage from DSTSF 

compared to existing wet tailings ponds 

2) Drier tailings at placement and good compaction will 

reduce seepage during operations 

3) Tailings wet-up for all cover scenarios; 22 to 25 years to 

reach steady-state conditions 

4) Post-closure steady-state seepage rate will equate to 

long-term net percolation (NP) rate for cover system 

(~80,000 m3/yr for moderate NP cover system, 

~19,000 m3/yr for very low NP cover system) 



Basal Seepage Assessment – 
Using the Results to Inform 

• O2 ingress will affect chemistry 

of tailings pore-waters and 

hence seepage quality 

• Seepage rates need to be 

coupled with anticipated 

seepage chemistry as well as 

flows and chemistry of surface 

and groundwater receptors 

• All of this will be assessed as 

part of Integrated Load 

Balance and Risk Assessment 



• Maintaining higher levels of saturation in dry stack tailings to reduce 
ARD post-closure counters desire for a ‘fully-drained’ stack to address 
geotechnical stability 

Post-Closure Stability of 
DSTSF Landforms 

• Seepage + stability analysis will 
be required for preferred closure 
scenario 

 • Lateral spreading of 250-900 mm 
estimated for design earthquake 
event, which may cause cracks in 
closure landform 

• Inspect site following major 
seismic event, repair cover 

• Potential risks to Flat River will be 
assessed during detailed design 



1) Eliminate tailings dust 
emissions  

2) Isolate tailings from contact 
with humans and wildlife 

3) Provide a medium for 
sustainable growth of native 
plant species 

4) Integral component of final 
landform that considers 
geomorphology 

Anticipated Key Design 
Functions for DSTSF Closure Cover 

5) Promote infiltration of meteoric waters to maintain 
higher degrees of saturation in tailings profile 



1) TCAMP Cover System Study – review of field data 
collected from TP1 / TP2 cover systems and numerical 
analyses to understand performance of existing cover 
systems from a water infiltration and oxygen ingress 
control perspective (to be completed by Dec. 31, 2014). 

2) Local Borrow Material Investigation – air photo 
interpretation and field investigations to estimate volumes 
of suitable cover material (to be completed by Sept. 2015). 

3) Integrated Load Balance and Risk Assessment Study –
GoldSim model will be used to evaluate effects of various 
closure scenarios (i.e. varying cover designs and varying 
levels of performance) on quality of nearby aquatic 
receptors (to be completed by January 2016). 

Studies that Will Inform on 
Final Cover System Design 



4) Detailed Performance Monitoring of TSF4B – pilot-scale 
study to identify fatal flows and learn how to construct, 
operate, and implement optimal landform for closure of 
TSF6; instrumentation will be installed to monitor: 

• Geotechnical stability evaluations; 

• Internal tailings pore-water chemistry; 

• Internal tailings pore-gas composition; 

• Tailings and cover system water balance; and 

• Seepage volumes and water quality. 

5) Analyses to Support Final Design of Closure Landform – 
during the detailed design stage, appropriate analyses will 
be required to inform and support preferred final closure 
scenario, including a seepage and slope stability analyses. 

Studies that Will Inform on 
Final Cover System Design 


