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Presentation Overview
Presentation Overview
See References 

at end of 
Presentation 

for 
details on Sites 

�� AridArid--Tropical Site in
Tropical Site in 
Australia
Australia
�� Ave: 300 mm RainfallAve: 300 mm Rainfall
�� Max (1996): 500 mm RainfallMax (1996): 500 mm Rainfall

�� Seasonally Arid Site in
Seasonally Arid Site in 
Canada
Canada

�� LongLong--Term Performance
Term Performance
�� Lessons LearnedLessons Learned
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AridArid--Tropical SiteTropical Site -- AustraliaAustralia
Cover System Design PhilosophyCover System Design Philosophy

•	• IssuesIssues
•	• “Legacy”“Legacy” OSAsOSAs
•	• “Building” a Better OSA“Building” a Better OSA

•	• Management of Pyritic Shale
Management of Pyritic Shale
•	• EncapsulationEncapsulation
•	• Use runUse run--ofof--mine for cover materialmine for cover material
•	• Minimise Percolation to Underlying
Minimise Percolation to Underlying

Waste
Waste
•	• Store and Release Moisture in Capping
Store and Release Moisture in Capping

Material
Material

•	• Physical Integrity and LongPhysical Integrity and Long Net Percolation 

Term Performance	Term Performance “Store and Release”“Store and Release”
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Deep
or

Net Percolation

Preliminary Modelling Results
Preliminary Modelling Results

Rainfall


Evaporation 

Runoff / Interflow 

Moisture Storage 

1996 Modelling 
1 m ROM Material 
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Modelling Presentation Idea
See References for Conceptual ~0% Net Percolation 



LargeLarge--Scale Field Trials
Scale Field Trials
�� Horizontal UndulatingHorizontal Undulating 

SurfacesSurfaces
�� No VegetationNo Vegetation
�� Varying ThicknessesVarying Thicknesses

�� Uniform Sloping SurfacesUniform Sloping Surfaces 
�� VegetationVegetation

�� Horizontal SurfacesHorizontal Surfaces ––
Larger Catchment AreasLarger Catchment Areas 
�� Variable Catchment SizesVariable Catchment Sizes
�� Variable Native and Crop
Variable Native and Crop 

Species
Species
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Transpiration Rates?
Transpiration Rates?
Vegetation 

Transpiration

Rates of


Native Species


Bare Surface 
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ClimateClimate

Fully AutomatedFully Automated
Meteorological StationMeteorological Station

Actual EvapotranspirationActual Evapotranspiration
(Bowen Ratio System)(Bowen Ratio System)



Moisture Storage
Moisture Storage

�� Moisture changesMoisture changes
�� soil suctionsoil suction
�� water contentwater content
�� temperaturetemperature

�� Installed in cappingInstalled in capping 
material and underlyingmaterial and underlying 
wastewaste
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Net Percolation
Net Percolation
�� Large HDPE tank
Large HDPE tank
�� function offunction of 

percolation rate andpercolation rate and 
material propertiesmaterial properties

�� internal moistureinternal moisture 
monitoringmonitoring

�� Installed into original
Installed into original 
waste rock surface
waste rock surface 
prior to placement of
prior to placement of 
capping material
capping material

See References for Lysimeter 
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Design Methodology 



Degree of SaturationDegree of Saturation

S = 1 1 > S > Sr S = Sr
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Degree of Saturation
Degree of Saturation

Solids 

Water 
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Volume of Water in Cover ProfileVolume of Water in Cover Profile
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Volume of Water in Cover ProfileVolume of Water in Cover Profile
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Volume of Water in Cover ProfileVolume of Water in Cover Profile
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ROMROM CoverCover Mat’lMat’l –– FieldField SWCCsSWCCs
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Volume of Water in Cover ProfileVolume of Water in Cover Profile
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1996 Modelling
1 m ROM BIF

0% Net Percolation

1997 – 2003 Field Data
Net Percolation = 6%

“Designing the Right Size Flower Pots”
“Designing the Right Size Flower Pots”
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With Vegetation 
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See References for Conceptual

Modelling Presentation Idea
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Evidence of “MacroEvidence of “Macro--Pore” Flow
Pore” Flow 
due to Segregation of Material
due to Segregation of Material
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Evaluation of Hypothesis Using Evaluation of Hypothesis Using 
Numerical ModellingNumerical Modelling
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Evaluation of Hypothesis UsingEvaluation of Hypothesis Using 
Numerical ModellingNumerical Modelling
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Lessons LearnedLessons Learned

�� 2 m2 m RunRun--ofof--Mine:Mine: 6%6% Net Percolation Over Last SixNet Percolation Over Last Six 
YearsYears
•• Segregation:Segregation: Material Placement is Critical
Material Placement is Critical 

(Homogeneous)
(Homogeneous)
•• SlopingSloping Surface Reduces Net Percolation toSurface Reduces Net Percolation to < 1%
< 1%

�� ReturnReturn to Antecedent Moistureto Antecedent Moisture Conditions RequiresConditions Requires
TranspirationTranspiration to Remove Deeper Infiltrationto Remove Deeper Infiltration

Integrated Geotechnical Engineering Services www.okane-consultants.com 

�� Native SpeciesNative Species Transpiration Rates?Transpiration Rates?



Seasonally Arid SiteSeasonally Arid Site -- Canada
Canada
�� Site can be
Site can be 

characterized on an
characterized on an 
annual basis as arid
annual basis as arid 
to semito semi--arid
arid

�� Site experiences hot
Site experiences hot 
dry summers
dry summers

�� Humid fall and winter
Humid fall and winter
�� Spring freshetSpring freshet 

contributes significantlycontributes significantly 
to flow in surfaceto flow in surface 
drainage coursesdrainage courses
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Case Study OneCase Study One –– ClimateClimate
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Lessons Learned
Lessons Learned
�� For Sites that TypicallyFor Sites that Typically 

Experience SeasonalExperience Seasonal 
SnowfallSnowfall
�� There is no “Average”There is no “Average” 

Annual PerformanceAnnual Performance
�� Clearly Obvious, but isClearly Obvious, but is 

oftenoften “Lost”“Lost” in the Detailin the Detail 
of Predicting Performanceof Predicting Performance 
with a Modelwith a Model

�� Characterization ofCharacterization of Snow Water EquivalentSnow Water Equivalent
�� Critical to Understanding Field PerformanceCritical to Understanding Field Performance

�� Time ofTime of PPT. Strongly Influences PerformancePPT. Strongly Influences Performance
�� precipitation contributing to snowpack…..increase in net percolaprecipitation contributing to snowpack…..increase in net percolationtion
�� summer precipitation…..buffered by presence of till (store and rsummer precipitation…..buffered by presence of till (store and release)elease)
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LongLong--Term PerformanceTerm Performance
INITIAL PERFORMANCE 

Chemical ProcessesPhysical Processes Biological Processes 

- Erosion - Dissolution - Bioturbation 
- Wet/Dry Cycles - Osmotic Consolidation - Root Penetration 
- Freeze/Thaw Cycles - Mineralogical Consolidation - Burrowing Animals 
- Extreme Local Climate Events - Sorption - Human Intervention 
- Brushfires - Precipitation 
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LONG-TERM PERFORMANCE 

- Consolidation 
- Settlement 

- Bacterial Clogging 
- Dispersion/Erosion 
- Acidic Hydrolysis 

Resulting In:Resulting In:

•• Change in Field Hydraulic ConductivityChange in Field Hydraulic Conductivity

•• Change in Moisture Retention CharacteristicsChange in Moisture Retention Characteristics

•• Change in Oxygen Diffusion CharacteristicsChange in Oxygen Diffusion Characteristics

•• Change in Physical Integrity of Cover SystemChange in Physical Integrity of Cover System
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Evolution of Key Evolution of Key Mat’l Mat’l PropertiesProperties

•• Soil Water Characteristic CurveSoil Water Characteristic Curve

• Moisture Retention / Storage

• Hydraulic Conductivity

• Moisture Flow
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In Situ Hydraulic Conductivity
In Situ Hydraulic Conductivity

Direct
Direct
Measurement
Measurement

Guelph
Guelph 
Permeameter
Permeameter

and
and
Tension
Tension 

InfiltrometerInfiltrometer
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FieldField KKfsfs –– Growth Medium
Growth Medium
ET Growth Medium – Guelph Permeameter 
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Longevity of Cover SystemsLongevity of Cover Systems
-- Lessons LearnedLessons Learned

•• Physical / Chemical / Biological
Physical / Chemical / Biological 
Processes
Processes

•• In SituIn Situ Performance Monitoring
Performance Monitoring
• SWCC / Ksat / O2 diff. / Physical 


Integrity


• Paramount for Understanding the 

Processes Controlling Long-Term

Performance


• In Situ K-tests as a Surrogate for 

Evaluating Impact of Processes
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