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What is Sewage Sludge and how can it be 
used to Cover Sulphide-Bearing Mine Tailings?

• Solid waste material generated from waste 
water treatment plants

• Compositions are variable, but due to 
treatment types, may contain high Fe and 
Al, and nutrients such as K, PO4

2-, NO3
-, 

and elevated heavy metal concentrations
• Can be used either as an organic growth 

substrate, or as a alternative barrier 
material in a composite cover

• Sewage sludge may be effective as a 
physical sealing layer with low HC and as a 
chemical barrier that may consume oxygen

• The effects of using sludge to reduce 
oxygen diffusion and water infiltration to 
underlying tailings are poorly understood, 

• The quality of the leachate that may be 
produced may affect metal mobilisation, 
transport and attenuation 



Research Interests

1. Effectiveness of using sewage sludge sealing layer 
• Kristineberg Pilot Scale Test Cells
• Project time: 2009-2010
• Leachate geochemistry 2003-2010
• Sediment Geochemistry 8 years after application

Aim of the Study
• Evaluate the long-term effectiveness of using sewage 

sludge as a sealing layer to prevent oxygen diffusion to 
underlying sulphide-bearing mine tailings

• Understand how the mobilisation, transport and attenuation 
of constituents are controlled by the sewage sludge 
addition in the underlying tailings



Site Description and Materials

Georange
Environmental Test 
Cells: Pilot Cells, 
Kristineberg

Sewage Sludge Cell     Uncovered Control Cell



Research Interests

2. Groundwater dispersion of sewage sludge constituents
• Kristineberg Impoundment 1 – sludge addition as final 

remediation
• Project time 2009-2011
• 6 groundwater wells monitored

Aim of the Study

• Characterize and delineate Dispersal, Rates, Magnitude and 
duration of dispersal of NO3 PO4 SO4, TOC and DOC released 
from a surface application of sewage sludge on a formerly 
successfully remediated tailings impoundment

• Understand the relationships, if any, between organic matter 
loading, metal concentrations and anion dispersal in the 
underlying groundwater environment



Kristineberg Impoundment 1
- Sewage Sludge Application



Research Interests
3. Ageing effects of Sewage Sludge
• Boliden Gillervattnet surface application
• Project time: 2010-2011
• Four sediment profiles of different aged sludge (0-8 years)

Aim of the Study

• Produce a fundamental understanding of how the leaching 
of constituents from the surface application of sewage 
sludge into sulphide-bearing mine tailings can influence the 
mobility, transportation and precipitation of elements from 
the tailings to the groundwater.

• The study assesses the evolution over a time period of 
between 0-8 years.



Field Site: Gillervattnet



Sampling and Analysis
• Samples of 4 sulphide tailings sediment profiles were collected and 

analyzed from the Gillervattnet impoundment, Boliden:

1. 2 year tailings profile with no sewage sludge
2. 2 year tailings profile with 1 year sewage sludge
3. 2 year tailings profile with 2 year sewage sludge
4. 8 year tailings profile with 8 years sewage sludge

• Samples were analyzed for sediment and pore water geochemistry
• A leachate sample was also produced, analyzing NTotal, NH4-N, 

NO3
-+NO2-N, Cl- and SO4

2-

• Paste pH was also measured



Summary: Uncovered Tailings
O2 + H2O

Sulphide Oxidation
Depletion of Carbonate
Production of Acidity

Secondary mineral precipitation

High Metal + SO4
2-

pH decreasing over time
Typical ARD development



Summary: Sewage Sludge Remediated Tailings

O2 + H2O

Me2+

O2 ConsumedSulphate reduced

H2S NO3
-HCO3

-
MeS2

Low Metal + SO4
2-

High buffer capacity + neutral pH

Possible Nitrate 
Oxidation

Secondary mineral precipitation



Summary: Impoundment 1 Wet Cover

Initial flush in year 1

Concentrations increase in GWFormer 
Oxidised Zone 

GW

Reduced 
Tailings GW

Concentrations increase in GW  
higher than above

Ca, Fe, K, Mg, Na, S = 5-200mg/L (1-80mg/L)  
SO4

2- = 560mg/L (290mg/L)                             
No increase in most trace metals except Zn

Ca, Fe, K, Mg, Na, S = 20-300mg/L (1-80mg/L)
SO4

2- = 1000mg/L (170mg/L)                            
Peak in all trace metals; Zn, Mn, Ni >1000mg/L

Decrease in Constituent Leachate
2nd Year

Concentrations decrease below 
pre-sludge conditions

Ca, Fe, K, Mg, Na, S = <1-20mg/L (1-80mg/L)  
SO4

2- = 64mg/L (290mg/L)                              
Large increase in Zn, Cu, Ni, HCO3

-

Fe decreases to 0.0088mg/L (80mg/L)

Concentrations decrease below 
pre-sludge conditions

Ca, Fe, K, Mg, Na, S = 1-40mg/L (1-80mg/L)  
SO4

2- = 150mg/L (170mg/L)                            
Reduction in all trace metals



Summary: Impoundment 1 Dry Cover

Initial flush in year 1+

Tailings GW
Concentrations are increasing 
gradually, but have failed to 
reach peak concentrations



Conclusions
• Sewage Sludge is effective for reducing oxygen diffusion to 

underlying tailings if applied as a barrier material

• Metals are sufficiently retained in the underlying tailings, even 
though they may be temporarily mobilised by nitrate oxidation 
of pyrite

• If applied as a final remediation method on water saturated 
tailings, an initial flush of elements occur within 1 year of 
application, followed by a decrease below pre-remediated 
concentrations due to vegetation establishment

• The application of this in the long-term is still to be investigated 
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