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Abstract 

Green liquor dregs (GLD) are the largest waste fraction retrieved at the sulphate pulp mill. GLD has a low 

hydraulic conductivity and is alkaline which opens the possibility of using it for construction of sealing 

layers. Two sites have been sampled where the GLD age is known. The effect of aging on the material 

properties specifically the ability to function as a barrier against oxygen and its capacity to buffer in the 

long term was studied. The mechanical strength has also been evaluated to asses if it can withstand the 

pressures from the cover layer. Suction tests showed that the capillarity forces in GLD bind water strongly 

to the particles preventing it from drying. The high water content in GLD and the strength of the water 

bounding are major advantages for the use in sealing layers to create a water saturated layer preventing 

oxygen penetration. GLD is therefore believed to be an excellent barrier material in the sealing layer. The 

GLD’s buffering capacity is high and the results indicate that it will last for a long time which is consistent 

with its large reservoir of lime. The shear strength increased when the GLD is placed in field conditions. 
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1 Introduction  

Abandoned tailings and waste rock from former mining activities are often found in closeness to old 

mining sites. The generation of Acid Rock Drainage (ARD), i.e., the formation of a metal-rich acidic 

leachate when sulphidic mine wastes oxidize is a serious environmental problem. To prevent metal 

leaching, covering the waste with a soil cover is a technique used to remediate mine waste sites. The 

purpose of the cover is to prevent oxygen to reach the waste and thereby slowing down oxidation 

(Höglund et al., 2004). This is performed by applying a sealing layer with low hydraulic conductivity that 

results in a high degree of water saturation preventing oxygen to come through. It could be an advantage if 

the sealing layer has a low hydraulic conductivity to limit the amount of water reaching the waste, thereby 

reducing the amounts of drainage waters. 

 

The use for industrial by-products to inhibit the release of acid mine drainage opens new techniques with 

the purpose of taking advantage of the materials reactive nature and solving two waste problems at the 

same time. GLD is the largest waste fraction retrieved in the chemical recovery cycle at the sulphate pulp 

mill and ~240 000 tonnes are landfilled in Sweden each year. It is classified as a non-hazardous chemical 

waste by the Swedish EPA. Since landfilling is costly, re-using the material is beneficial for the pulp and 

paper mill industry. GLD consist of calcium carbonate, Na2CO3, Na2S and insoluble solids. Previous 

studies have shown that GLD has a low hydraulic conductivity (10
-7

-10
-9

 m/s) and is alkaline (pH 11-13) 

(Maurice et. al, 2010), which opens the possibility of using it for construction of sealing layers. 

Characterization of the GLD revealed a small particle size throughout the material (Maurice et. al, 2010). 

The GLD particles showed to be negatively charged at all pH (Maurice et. al, 2010). It is therefore 
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possible that GLD could bind positive metal ions.  The addition of GLD to polluted soil has shown to 

reduce reduce metal concentration of the leachate and raising the pH. One important aspect when using 

by-products for remediation of mine waste sites is that it is required to be efficient in a long term 

perspective. Reliable predictions of long-term efficiency are important. 

 

The aim of this study is to assess the long term properties of GLD-based covers and their suitability as a 

treatment method for mine waste. GLD ability to bind water to the particles preventing it from drying is an 

important aspect. Two sites have been sampled where the GLD age is known (10 resp. 5 year old). GLD 

have been collected to study the effect of aging on the material properties specifically the ability to 

function as a barrier against oxygen and its capacity to buffer in the long term. Finally, the mechanical 

strength of the material has been studied to asses if it can withstand the pressures from the cover layer. 

 

2 Material 

Fresh GLD were kindly provided by Billerud Karlsborg sulphate pulp and paper mill in northern Sweden. 

The sulphate production process is the most common process at paper mill production plants (compared 

with sulfide pulping). Fresh GLD were scraped off from a lime filter and collected from containers before 

the GLD were deposited.  

 

Aged GLD originating from Iggesund pulp and paper board, Sweden were collected at a landfill. The 

GLD had been deposited since 1998 in an organized pattern making it possible to collect GLD with a 

spectrum of different ages. Aged GLD were also sampled at Rönnskärsverken, Sweden, where it was 

placed as a sealing layer on top of oxidized tailings for five years (applied in 2006). 

 

3 Methods 

Leaching experiments were performed at L/S=10 on GLD and fly ash from Iggesund. 10g was weighed on 

each material and 100ml Milli-Q water was added. The mixture was shaken for 24 hours. The solids were 

let to settle for 24 h. The solution was decanted and filtered through a 0.22µm filter. pH was tested 

immediately after the collection of the leachate. The process was repeated 13 times. The water retention 

capacity (WRC) was measured on aged and fresh GLD in duplicates as well as a sample of silt for 

reference. The samples were packed into cylinders and saturated from below. The cylinders were placed 

on a ceramic plate and pressurized from below using a pressure plate apparatus (Soilmoisture Corp., 

USA). The bulk density in field was measured with a Balloon Densometer Test on the GLD sealing layer 

at Rönnskärsverken. The particle density was measured with a pycnometer. Cone Penetration Test (CPT) 

was performed at the Rönnskärsverken site to asses the mechanical stability of the sealing layer. 

 

4 Results 

Fresh GLD originating from Iggesund maintained a pH ~10 between L/S 40-130 while a drop of pH was 

noted for GLD originating from Billerud at L/S 130 (Figure 1). A steady decrease of the pH was seen for 

fly ash. After five years aging under field conditions, GLD from Rönnskär showed a pH of 9.7. The L/S 

was calculated to 5 based on an estimated hydraulic conductivity of 10
-8 

m/s. 
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Figure 1. Alkalinity of GLD and fly ash. 

 

Compared with five sealing layers made of clayey till reported by Höglund et al. (2004) the WRC is 

significantly higher for both fresh and aged GLD (Figure 2). Fresh GLD has a better ability to retain water 

compared to aged GLD. The difference is largest at high under-pressure.  

 

Figure 2. Water retention capacity of fresh and aged GLD. The water retention curve for silt is also shown as a 

reference. 

 

The degree of water saturation for the aged Rönnskär GLD was calculated from the particle and bulk 

density to 98%. 

 

Comparing the Rönnskär sealing layer with common materials used as sealing layers such as Ca-

bentonite, Na-bentonite and clayey till it showed that the undrained shear strength from the Rönnskär 

GLD was 4 times higher than the Ca-bentonite and clayey till sealing layers (SGI, 2007) . It also showed 

to be 6 times higher than a sealing layer made of Na-bentonite. The Rönnskär GLD had 6 times as high 

undrained shear strength as fresh GLD tested in the laboratory (Stenman, 2011).  
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The angle of friction is another way besides the shear strength to measure stability. The angle of friction is 

the highest angle a heap or layer of a material can be tilted and still be stable, if the angle of friction is 

exceeded the grains in the material starts to move individually to each other and the material becomes 

unstable. The angle of friction of the Rönnskär GLD is a few degrees higher than the angle of friction of 

clay, bentonite clay, clayey till and synthetic geomembranes and lies within the lower range of stabilized 

and/or hardened fly ashes (SGI, 2007).  

 

5 Discussion 

At L/S 130 GLD still has a large buffering capacity. This corresponds to 130 years of use. GLD is 

believed to have a large buffering capacity at pH 8 since it consist mainly of CaCO3. At pH ~7.5 all the 

carbonates, hydroxides and silicates are expected to be consumed (Johnson et al. 1995) and a fast drop of 

pH is likely. Results indicate that the CaO and CaOH were leached out at L/S 130 and that CaCO3 started 

to be consumed in the GLD originating from Billerud. As for GLD originating from Iggesund, at L/S 130 

other calcium oxides are maintaining the pH at a high level. The GLD’s buffering capacity is high which 

indicates that GLD could act as an alkaline barrier. Pöykiö et al (2005) showed that GLD could act as a 

neutralizing agent for acidic wastewater.  

 

WRC is a hydraulic property affecting the transport of fluids in the material. Compared to clayey till, the 

most common material in sealing layers in covers on mine waste in Sweden, the water retention is 4-5 

time higher for GLD at similar under-pressure. The high water retention potential leads to a reduction in 

oxygen penetration through the material because it remains saturated or close to saturated. The risk of 

shrinkage and cracking due to desiccation is therefore reduced which is common for clay minerals and can 

have a significant impact on the sealing layer performance. An explanation of the materials high capacity 

to hold water could be that water is attracted to the particles surface by the ionic charge of the particles 

(Sebaibi et al. 2003; Hustrulid 2001). The high degree of water saturation (98%) showed that GLD has 

kept its ability to stay saturated during the aging of 5 years. Research has shown that oxygen diffusion 

decreases significantly as the degree of saturation increases above 85% (O’kane, 1995). The high water 

content in GLD and the strength of the water bounding are major advantages for the use in sealing layers 

to create a water saturated layer preventing oxygen penetration. GLD is therefore believed to be an 

excellent barrier material in the sealing layer. 

 

Aged GLD showed a higher mechanical strength that fresh GLD. This indicates that the shear strength 

becomes higher when the GLD is placed in field conditions. It is likely that the GLD is better compacted 

in the field and therefore can reach a higher strength than in laboratory conditions. It is also possible that 

drainage has occurred during time that makes it more stable. 

 

Although the material has shown to have several desirable properties to function as a sealing layer, there is 

a possibility that the material is frost sensitive which is a common problem with silty soils. This would 

cause damage to the material (frost heave) when used at shallow depths in cold regions.  

 

Further research is being pursued to further asses the barrier properties in a long term perspective i.e. 

examine the material’s capacity to hinder water and reduce oxygen to pass through the material. How 

GLD affect the underlying tailings is also in focus. 
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6 Conclusions 

 Aged GLD maintain a high ability to retain water which can lead to a reduction in oxygen 

penetration through the material. 

 GLD in the field showed a higher mechanical strength than in laboratory conditions. 

 GLD shows a large buffering capacity in the long term. This indicates that GLD could act as an 

alkaline barrier. 
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