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Case Study on 
PHREEQC Geochemical Modeling 

for An INAC Abandoned Mines



OUTLINEOUTLINE

• Background
• Modeling capabilities
• Case studies

– Phase II ESA for Outpost Mine 



PHREEQC BACKGROUNDPHREEQC BACKGROUND

• PH’RE’EQ’C = pH, redox, equilibrium written in C 
language 

• Low-temperature aqueous geochemical calculations
• Version 1.0 was released in 1995 
• Latest version is PHREEQC 2.15.0.2697 (Feb 5, 2008) 



MODEL CAPABILITIESMODEL CAPABILITIES

• Mixing Model
• Equilibrium Model
• 1-D Transport Model 
• Input and Output 
• Advantage and limitations
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MODEL CAPABILITIES MODEL CAPABILITIES –– Mixing ModelMixing Model

• Mixing Model Example: 
– Estimating tailings pond water chemistry (rainfall, 

runoff, infiltration, new process feed) 
– Estimating mineral precipitation
– Estimating processing water quality 
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MODEL CAPABILITIES MODEL CAPABILITIES –– Equilibrium ModelEquilibrium Model

• Equilibrium Model Example: 
– O2, CO2 and H2O impact on waste rock (ARD) 
– Water through waste rock pile 
– Water in underground working space



MODEL CAPABILITIES MODEL CAPABILITIES –– 11--D TransportD Transport



MODEL CAPABILITIES MODEL CAPABILITIES –– 11--D TransportD Transport

• 1-D Transport Mode Example: 
– Groundwater/Contaminants Transport in the 

subsurface



MODELLING CAPABILITIESMODELLING CAPABILITIES

• Chemical reactions by mixing different water
Example: 
– Estimating tailings water chemistry 
– Estimating processing water quality
– Estimating quantity of feeding water 
– Impact of Tailings water released to nearby river 



MODELING CAPABILITIESMODELING CAPABILITIES

• Input Data: 
– pH , Redox Potential, Temperature, Alkalinity 
– Major Anions: Cl, S-2/SO4, NO3/NO5, 
– Major Cations: Ca, Na, K, Fe, Al…
– Trace Metals: As, Cd, Hg, Pb, Cu, U …. 



MODELLING CAPABILITIESMODELLING CAPABILITIES

• Output



MODEL CAPABILITIES MODEL CAPABILITIES –– OutputsOutputs
----------------------------Description of solution----------------------------

pH  =   7.085
pe =  13.115

Activity of water  =   1.000
Ionic strength  =  3.214e-003

Mass of water (kg)  =  1.000e+000
Total alkalinity (eq/kg)  =  1.194e-003

Total CO2 (mol/kg)  =  1.221e-003
Temperature (deg C)  =  10.000

Electrical balance (eq)  =  4.483e-004
Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  11.21



MODELLING CAPABILITIESMODELLING CAPABILITIES

• Output



MODEL CAPABILITIES MODEL CAPABILITIES –– OutputsOutputs
----------------------------Distribution of species----------------------------

Species              Molality Activity        Molality Activity  Gamma
H+                     8.688e-008 8.218e-008    -7.061    -7.085    -0.024
OH- 3.781e-008 3.560e-008    -7.422    -7.449    -0.026
H2O                  5.551e+001 9.999e-001     1.744    -0.000     0.000

Al              4.128e-005
Al(OH)4- 3.599e-005 3.388e-005    -4.444    -4.470    -0.026
Al(OH)2+          3.410e-006 3.210e-006    -5.467    -5.494    -0.026
Al(OH)3            1.691e-006 1.692e-006    -5.772    -5.772 0.000
AlOH+2            1.798e-007 1.412e-007    -6.745    -6.850    -0.105
Al+3                  5.513e-009 3.202e-009    -8.259    -8.495    -0.236
AlSO4+            1.869e-009 1.760e-009    -8.728    -8.755    -0.026
Al(SO4)2- 1.172e-011 1.103e-011   -10.931   -10.957    -0.026



MODELLING CAPABILITIESMODELLING CAPABILITIES

• Output



MODEL CAPABILITIES MODEL CAPABILITIES –– OutputsOutputs

------------------------------Saturation indices-------------------------------
Phase                  SI log IAP   log KT
Al(OH)3(a)          0.93 12.76     11.83        Al(OH)3
AlAsO4:2H2O    -7.73 -23.57    -15.84      AlAsO4:2H2O
Albite -3.17 -22.18   -19.01      NaAlSi3O8
Analcime -4.04 -17.45   -13.41      NaAlSi2O6:H2O
Anglesite           -7.60 -15.48   -7.87        PbSO4
Anhydrite          -2.62 -6.96     -4.34        CaSO4
Anilite -120.76 -154.32  -33.57     Cu0.25Cu1.5S
Anorthite -1.53 -21.69   -20.16      CaAl2Si2O8
Antlerite 0.29 8.58      8.29        Cu3(OH)4SO4



MODEL CAPABILITIES MODEL CAPABILITIES –– AdvantagesAdvantages

• Very strong geochemical analytical capabilities 
– Many commercial modelling software use 

PHREEQC as the calculation core
• Widely accepted by the industry for geochemical 

calculation
• Users are able to edit databases
• IT IS FREE



MODEL CAPABILITIES MODEL CAPABILITIES –– Limitations Limitations 

• Not User Friendly
• No visual demonstration (need Excel graphs, need 

strong geochemistry judgment)
• No kinetics calculation
• Only give qualitative estimate



CASE STUDY CASE STUDY –– Phase II ESA at Outpost Phase II ESA at Outpost 

• Project Name: Phase II Environmental Site Assessment
• Mine Name: Outpost Island (Philmore Mine) 
• Location: 88 km SE of Yellowknife at Grate Slave Lake
• Status: Abandoned
• Issue: Runoff water from high ARD potential tailings into 

Great Slave Lake 



CASE STUDY CASE STUDY –– Phase II ESA at Outpost Phase II ESA at Outpost 
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CASE STUDY CASE STUDY –– INAC MINES INAC MINES 

Great Slave Lake

Tailings Pile



CASE STUDY CASE STUDY –– Phase II ESA at Outpost Phase II ESA at Outpost 

• Data: 
– Tailings Shake Flask 
– Lake Water Routine Parameters 
– Lake Sediment Metals  



CASE STUDY CASE STUDY –– Phase II ESA at Outpost Phase II ESA at Outpost 
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05.86E-04mg/LCadmium (Cd)

0.0120.54mg/LZinc (Zn)
0.0000.14mg/LNickel (Ni)
7.500.15mg/LSodium (Na)
0.021mg/LManganese (Mn)
6.383.4mg/LMagnesium (Mg)
0.083.8mg/LIron (Fe)

0.008192mg/LCopper (Cu)

26.0142.0mg/LCalcium (Ca)
0.00.009mg/LArsenic (As)
0.1101.5mg/LAluminum (Al)
7.933.13-pH

Lake WaterTailings Shake FlaskUnitsParameter

96,000X

1,000X 

35X

18X
6X

13X

4X



CASE STUDY CASE STUDY –– Phase II ESA at Outpost Phase II ESA at Outpost 

• Tailing water quality: 
– Only a few Iron minerals slightly oversaturated 

• Lake water quality: 
– Aluminium minerals slightly oversaturated 
– Iron minerals oversaturated (SIHematite=19)



CASE STUDY CASE STUDY –– Phase II ESA at Outpost Phase II ESA at Outpost 

Mixing Model in Dilution Rate: 1:1, 1:10, 1:20, 1:100 and 
1:1000  
– For 1:1, 1:10 and 1:20, SI of Aluminium, Copper 

and Iron minerals increase, as more lake water 
neutralize the pH of the tailing water 
(SIAl(OH)3(a)=1.7; SIBrochantite=3.4; SIFe(OH)3=2.3) 

– For 1:100 and 1:1000, SI of Aluminium, Copper 
and Iron minerals decrease, but still above zero, as 
more lake water starts to dilute the mineral 
concentration



CASE STUDY CASE STUDY –– Phase II ESA at OutpostPhase II ESA at Outpost

Questions



CASE STUDY CASE STUDY –– Phase II ESA at Outpost Phase II ESA at Outpost 

0.012mg/LZinc (Zn)
2.8E-07mg/LLead (Pb)
0.002mg/LNickel (Ni)
7.5mg/LSodium (Na)
6.4mg/LMagnesium (Mg)
0.08mg/LIron (Fe)
0.2 mg/LCopper (Cu)

5.9E-07mg/LCadmium (Cd)
26.0mg/LCalcium (Ca)

9.0E-07mg/LArsenic (As)
0.2mg/LAluminum (Al)
7.75-pH

Modeled concentration at 1:1000 Dilution Rate



CASE STUDY CASE STUDY –– Phase II ESA at Outpost Phase II ESA at Outpost 

• Findings: 
– Aluminium, Cadmium, Copper, and Zinc in the 

tailing will be carried to the lake water due to low 
pH of the tailing water 

– Copper, iron and aluminium minerals tend to 
precipitate from the mixed water into sediments 

– Mixed water and sediments will reach equilibrium 
in the suspended mineral concentration (exceeding 
applicable criteria)



Questions


