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ABSTRACT 
Closures of waste landfills face similar problems as tailing covers. Geotechnical, biological and 
weathering processes and how these control the capping constructions life span are of interest.  
The aim in both cases is to reduce leaching and corresponding negative effects on the 
environment. Laboratory studies Sundberg et al. 2003, Wikman et al. 2005 and Mácsik et al. 
2006 indicated that sewage sludge stabilized with fly ash, resulting in a product called FSS, has a 
good potential to be used as landfill liner. Design and construction of a final closure cap, with 
special focus on the landfill liner, was carried out in order to reduce the amount of water 
percolating through the landfill and to minimize the effect on the surrounding environment for a 
long time span. In this project FSS was used as liner and investigated during a three year period 
on two landfills, one outside Eskilstuna and one in Älvkarleby, Sweden.  

The results showed that the manufactured FSS can be used as landfill liner on a large scale. The 
homogeneous quality, strength and low permeability of FSS was even better than the set criteria. 
Though, the quality of fly ash and sewage sludge has to fulfill certain quality requirements, e.g. 
regarding water and dry solid contents. Laboratory and field tests indicate that the liner is durable 
as degradation rate is low. FSS is olso a possible cover solution on tailing covers. 
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BACKGROUND 
Durable and environmentally sustainable disposal of mining residues are of great concern for the 
mining sector. Tailings cover is of two main types i.e. dry and water cover, and combined 
solutions exist with varying longevity. The aim of these actions is to ensure sustainable and safe 
land use. In dry and combined cover solutions, organic matter is often a main component of the 
liner material. Organic waste materials from the paper industry are used in after-treatment of 
tailings at mines like Garpenberg, Aitik, Hornträsk and Gillervattnet. Organic matter in a cover 
construction has positive effects as oxygen barriers, Greger et al. 2006. However, the durability 
and sustainability of covers constructed with organic matter is questioned as its integrity may be 
altered by biological degradation processes, Aït-Benichou et al. 2008 and Alvarenga et al. 2008. 
Cover durability is also determined by its ability to withstand mechanical and/or chemical 
weathering processes. Therefore, it is important to have a suitable method to assess long term 
functions of liners containing organic matter. This is valid for tailing covers as well as for 
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landfills in general. However, the need for suitable cover material is massive, e.g. Boliden has > 
4000 hectare disposal area which needs after-treatment. During the last 5 years only about 130 
hectare was after-treated. With a construction layer thickness of 1,5 m almost 15 000 m3 capping 
material will be needed per hectare. The function of capping materials and the construction as a 
whole is to minimize oxygen and water transport as well as to secure durability of the 
construction. With appropriate materials the construction thickness can be minimized with 
maintained function and durability. A 0,1 m slimmer construction will save 1 000 m3 
construction material. 

Closing of sanitary landfill faces the same problem with material shortage and costs. A total 
landfill area of ca 1900 hectare will be closed and finally covered during the next five to ten years 
in Sweden. Using materials with specific function can lower volumes and costs. Cover caps on 
landfills for non-hazardous waste have a maximum allowed infiltrating water amount of 50 
liter/m2 and year, according to Swedish environmental legislation, SFS 2001:512. Usually, 
natural or synthetic liners with low hydraulic conductivity are used in order to guarantee this or 
lower infiltration. Laboratory and field studies Mácsik et al. 2006, Carling et al. 2006 and Carling 
et al. 2007 indicated that fly-ash stabilized sewage sludge (FSS) has a good potential to be used 
as landfill liner due to low permeability.  

During the last five years a landfill liner based on FSS has been developed and is used at several 
locations. Documented pilot studies at municipal landfills, where FSS has been used as liner 
material is at: Dragmossen (Älvkarleby), Lilla Nyby (Eskilstuna), Blåberget (Sundsvall), Gärstad 
(Linköping), Sofielund (Huddinge) and Tagene (Göteborg).  

In this extended abstract, laboratory and field results are presented from monitoring and control 
of the landfill constructions at Lilla Nyby and Dragmossen. These include control of 
permeability, sampling of the liner construction, sampling and analyses of gas and water samples. 
A laboratory investigation was also conducted on durability of fly ash stabilized sewage sludge 
(FSS) to biological degradation. The aims of the investigation were: 

• Technical and economical aspects of manufacturing FSS and constructing capping 
construction. 

• Permeability, stability and settlement as well as leachability of the liner.  

• Durability, a key aspect, as environmental authorities advice that a closure cap shall 
guarantee function for several hundreds of years.  

METHODS AND MATERIALS 
Hydrological balance, permeability and degradation of the construction have been monitored 
together with leachate emissions. Parallel to the ongoing investigations at the landfill, laboratory 
studies were carried out to study the rate of biological decomposition of the liner to investigate 
durability of organic matter in cover constructions was studied both in laboratory and field 
conditions.. Different methods were used to assess the risk and the rate of biological degradation 
of organic matter in top cover constructions. Degradation of the organic matter was controlled by 
environmental conditions in the cover. Water content, pH and salinity are main factors 
controlling degradation and the covers function over long time. Long term effects were predicted 
based on these measurements. The various functional layers used in constructing the cover are 
shown in Table 1. 
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Table 1.  Principle section for closure of landfill (Carling et al. 2007) 

Layer Thickness Material 

Top soil 0,05 m Sludge based soil 

Protection layer 1,5 m Moraine and sludge based soil products 

Drainage layer >0,2 m Gravel 

Barrier layer 0,5 m FSS† 

Levelling later 0,3-1 m Fly-ash 

WASTE   

†FSS mixture of 50 weight-% fly-as and 50 weight-% sewage sludge (DS) 

RESULTS 
The weight of the protection layer resulted in a compression of the FSS liner. Its thickness 
decreased as excess water and pore gas was pressed out of the liner, Figure 1. The bulk density of 
FSS increased with time from 600 – 700 kg/m3 to ca 1300 kg/m3. The investigation indicated that 
FSS liner permeability and durability were controlled by the homogeneity of the mixture of fly-
ash and sewage sludge. Permeability decreased with time and after 2 – 3 years even less 
homogenous FSS mixtures reached hydraulic conductivity levels satisfying liner specifications 
for landfill for non-hazardous waste, Figure 2. There was a good correlation between 
compression of the FSS liner and its permeability, (Mácsik et al. 2006). The major reduction of 
the hydraulic conductivity took place during the first months after installation of the protection 
layer, Figure 2.  

 
Figure 1  Schematic description of compression of FSS layer. 

Further, the investigation showed that percolated water from FSS had unchanged conductivity, 
pH and DOC after more than two years, though the volume of the leachate decreased with time. 
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Figure 2.  Permeability measurements of FSS liner on a test site 30 x 80 m2 at 
Älvkarleby. Permeability is expressed in liter/m2, year (mm/year) after 109 days, 474 
and 839 days. 

Results also indicated that leaching of metals, DOC etc. were governed by the amount of 
percolated water through the FSS liner, Figure 3a&b, and as permeability decreased, the amount 
of leached elements decreases.  
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Figure 3.  Relationship between solidity in the FSS layer and a) leached amount of 
DOC, N(tot) and S. b) leached amount of Ca, Na and K. 

Based on these and laboratory leaching results it was estimated that a L/S ration of 10 would 
be obtained after several hundred years, Figure 4a&b. An important conclusion of the laboratory 
investigation was that an increased proportion of fly ash in the FSS mixture lowers the risk of 
biological degradation. At 40 % fly ash (% of dry solid) as additive in an FSS mixture 
degradation of organic matter took place when salts were washed out. However, only a fraction 
of the organic matter was degraded, Figure 5.  
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 a) b)  

Figure 4.  a)Measured pH and Conductivity at different L/S ratio during field and 
laboratory investigations. b) Estimated time needed for achieving the same L/S ratio 
in situ as during laboratory measurements, based on a percolation of 25 liter/m2 and 
year. 

At 60 % fly ash addition in the FSS mixture (FSS60), the biological degradation of organic 
matter was inhibited, Figure 5. These results indicated that an addition of more than 40 % fly ash 
(% of dry solid) should be used in FSS and that it should be mixed homogeneously. Gas 
measurements at field showed low methane formation in the FSS liner, except from one sampling 
point which was located where FSS had poor quality. There is no proof that degradation or 
leaching of a few percent of organic matter leads to increased permeability of the liner. 

 
Figure 5.  Redistribution of the organic matter in the FSA and the pure sludge after 
the anaerobic degradation tests. Test made in triplicates. (G-org stands for gas 
production under anaerobic degradation, D-org is DOC (1) up to L/S 10 and (2) 
between L/S10 and 100. 

CONCLUSIONS  
Suitable waste materials, like fly-ash, sewage sludge, de-inking residues, and fiber sludge have 
good potential to be used in capping constructions. These materials are necessary in order to 
secure a cost efficient material supply as well. In Sweden several landfills and tailings are 
covered or planned to be covered with sewage sludge in combination with fly as and with FSS as 
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liner or capping material. Sewage sludge and fly-ash has a good economic and environmental 
potential to be used as landfill cover. Results in landfill applications show that quality 
requirements can be attained and cost benefits are favorable. Experience from covering landfills 
should be applicable to tailings cover as well. 

The assessment and long term effects of using organic matter in final closures are of 
importance. Additional studies will be carried out in order to verify the long term conclusions 
presented in this report especially regarding durability and permeability aspects. FSS is a durable 
material and has low permeability. However, the quality of the FSS-liner is controlled by the 
quality of sewage sludge, fly ash, and the mixture. As this liner material is different to traditional 
products in use today, and the manufacturing and construction demands are high, guidelines for 
design- and construction should be used. The development and design- and construction 
guidelines for the liner materials containing organic matter like FSS are also of concern. The use 
of sludge and fly ash in liners, protective layers or topsoil for final covering of landfills or tailings 
cover is an optional beneficial outlet.  
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