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Eh conditions within the tailings facility.
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B10.1
Sewage Sludge as a Sealing Layer for the  
Remediation of Sulphide-bearing Mine Tailings - 
Ageing and Degradation of the Barrier Material

Peter Nason, Lena Alakangas, Björn Öhlander
Luleå University of Technology, Luleå, Norrbotten, 
Sweden

Using sewage sludge as an organic barrier to miti-
gate oxygen diffusion to underlying sulphidic tail-
ings was performed in experimental pilot-scale test 
cells, northern Sweden and was proved to be suc-
cessful over an 8 year period (Nason et al., 2010). 
However, degradation and ageing of the sewage 
sludge may limit its function in the long-term as in-
dicated by surface applications of sewage sludge, as 
the exposure of the material to atmospheric oxygen 
may cause aerobic degradation of the organic matter 
fraction (Peppas et al., 2000), nitrification (Cravotta, 
1998) and subsequent structural disintegration (Ahl-
berg, 2006).
 A pilot-scale test cell with a 0.3m sewage 
sludge sealing layer capped by a 1.2m protective 
layer of glacial till was used to cover tailings. Quan-
tification of the changing properties of the sewage 
sludge after an 8 year period occurred using temper-
ature data and solid sludge and leachate geochemis-
try. It was found that all layers were frozen between 
December to April and that a perched water table 
formed above the sealing layer from April to Au-
gust (Shcherbakova, 2006). The subsequent lack of 
contact of the sludge with oxygen minimised aero-
bic degradation of the organic fraction, prevented 
nitrification and created an anoxic environment in 
the sludge. Nitrate in the leachate was <1mg/l and 
the subsequent lack of acidification created a neutral 
pH in the sludge and underlying tailings. Elevated 
alkalinity (360-600 mg/l) and low sulphate (9-67 
mg/l) in the leachate indicated that sulphate reduc-
tion by anaerobic degradation of the organic matter 
had occurred in the sludge. On average, the organic 
fraction was reduced by 80%, but was most preva-
lent at the sludge to tailings interface where 92 % 
of the organic matter had been lost since deposition. 
Mass balance calculations of the sludge revealed a 
19.6 % total loss of volume due to the organic mat-

ter degradation and leaching of Cd, Cu, Hg, Zn and 
P that were elevated in the original sludge material. 
No structural degradation as experienced by surface 
applications such as shrinkage or cracking occurred 
as the barrier was not exposed to oxygen.
 The integrity and function of the sub-surface 
sewage sludge layer was less compromised compared 
to a surface layer as degradation was dominated by 
anaerobic processes. However, organic degradation 
rates were high and it is recommended that this type 
of application is effective only as a medium-term so-
lution for mitigating oxygen diffusion to underlying 
sulphidic tailings and for preventing acid rock drain-
age.
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B10.2
Geochemical processes in an historical alum 
shale dump, Kvarntorp, Sweden
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Örebro University, Örebro, Sweden

During WW2 oil was produced in Sweden through 
pyrolysis of alum shale. During the years 1942-1966 
waste products were deposited in open pits and in 
a large waste dump. It is estimated that this waste 
dump consists of finer fraction (3 Mt), coke (2 Mt) 
and ash (23 Mt) with a total volume of 40 million 
m3. Combination of hot ash, pyrite (12 %) and or-
ganic matter (18 % kerogene) has led to significantly 
elevated temperatures (>700 °C) in the waste dump 
and the processes are still active 45 years later. Oxi-
dation of pyrite can increase the temperature to 70-
100 °C, followed by ignition of kerogene giving rise 
to temperatures close to 1 000 °C (Bharati et al., 
1995; Puura, 1998).
 Several methods, both geotechnical and 
chemical, were used in order to study the evolution 
of leachates from the waste dump. Sampling of sol-
id samples was performed as well as installation of 
shallow ground water wells.
 Due to the heterogeneity of the dump low pH 
(3.2) waters are found in areas with non processed 
shale (weathered pyrite) while high pH (12.2) waters 
are found in areas with CaO (burnt calcite). Elevated


