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1.1. Identify the groundwater fate Identify the groundwater fate 
and transport properties of and transport properties of 
constituents of concern of constituents of concern of 
seepage waters (Primary seepage waters (Primary 
Effects)Effects)

2.2. Determine the potential for trace Determine the potential for trace 
metal release from the solid metal release from the solid 
phase (Secondary Effects)phase (Secondary Effects)
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R2 = 0.55
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Naphthenic Acids Naphthenic Acids --
BiodegradationBiodegradation
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Naphthenic Acids Naphthenic Acids -- SorptionSorption

Units: mg/L

Source: Schramm et al. 2000
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Sand from sand aquifer in Fort McMurray AreaSand from sand aquifer in Fort McMurray Area
Naphthenic Acids from tailings waterNaphthenic Acids from tailings water
Solution TDS of approximately 1,700 mg/LSolution TDS of approximately 1,700 mg/L
pH varied between 7 and 8pH varied between 7 and 8
Fraction of Organic Carbon (Fraction of Organic Carbon (focfoc): 1% ): 1% 
Velocity relative to groundwater: 56 Velocity relative to groundwater: 56 –– 67%67%

Naphthenic Acids Naphthenic Acids -- SorptionSorption

Source: Gervais, 
2004
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Naphthenic Acids Naphthenic Acids -- SorptionSorption

56 – 67 % ?
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Naphthenic Acids Naphthenic Acids -- ConclusionsConclusions

Overall retardation of Naphthenic Overall retardation of Naphthenic 
Acids is lowAcids is low
Significant Biodegradation of Significant Biodegradation of 
Naphthenic Acids is not interpreted Naphthenic Acids is not interpreted 
Weak sorption could explain Weak sorption could explain 
Naphthenic Acid retardationNaphthenic Acid retardation
Difficult to account for initial Difficult to account for initial 
conditions conditions →→ Constant Source?Constant Source?
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Trace Metals Trace Metals -- Dissolved Dissolved 
ConcentrationsConcentrations

Dissolved Arsenic Associated with Plume (Dissolved Arsenic Associated with Plume (mmg/L)g/L)
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Trace Metals Trace Metals –– Release Release 
MechanismsMechanisms

4FeOOH(s) + CH2O + 6H+→ CO3 + 4Fe2+ + 6H2O 

Some Possible Fe Mineral 
Phases in Oxidizing Settings:

Fe(OH)3

FeOOH

Fe3O4

Fe2O3

SiO2

CH
2O

Fe2+ & As
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Trace Metals Trace Metals –– Solid Phase Solid Phase 
ContentContent

As content in solid phase determined As content in solid phase determined 
using solid phase extractions:using solid phase extractions:

0.5M 0.5M HClHCl 5.0M 5.0M HClHCl

Amorphous Amorphous FeSFeS, , GreigiteGreigite, , MackinawiteMackinawite & & 
PyrrhotitePyrrhotite

Pyrite & Elemental Pyrite & Elemental SulphurSulphur

CarbonatesCarbonates

Amorphous Amorphous OxyhydroxidesOxyhydroxides

Poorly crystalline metal oxides, hydroxides, Poorly crystalline metal oxides, hydroxides, 
monosufidesmonosufides, adsorbed metals & ion , adsorbed metals & ion 
exchangeable metalsexchangeable metals

Crystalline Metal Oxides/Crystalline Metal Oxides/OxyhydroxidesOxyhydroxides & & 
Metals bound in ClaysMetals bound in Clays
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Trace Metals Trace Metals –– Solid Phase Solid Phase 
ContentContent

* Extracted using 0.5M HCl for 24 hours

** Extracted using 5.0M HCl for 24 hours
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Trace Metals Trace Metals -- Reductive Reductive 
Capacity of PlumeCapacity of Plume
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18 mg/L
14 mg/L

6 mg/L

<2 mg/L
<2 mg/L

<2 mg/L

• Some uncertainty regarding contribution of Fe, Mn, NH4
and CH4(aq) (COD) to biological oxygen demand results

• Contribution of Naphthenic Acids?

5 Day Biological Oxygen Demand Tests

Trace Metals Trace Metals -- Reductive Reductive 
Capacity of PlumeCapacity of Plume
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Trace Metals Trace Metals -- ConclusionsConclusions

Possible causes for low dissolved Possible causes for low dissolved 
As concentrations:As concentrations:

1.1. Plume is assumed weakly Plume is assumed weakly 
reducingreducing

2.2. Low As content in solid phaseLow As content in solid phase
3.3. Phase association of AsPhase association of As
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