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Figure 1. Schematics of formation of Acid Mine 
Drainage (AMD) (modified from; Nigéus 2018).

The Problem
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AMD

An environmental problem arises when sulfide-bearing 
mine waste is exposed to atmospheric oxygen, sulfides 
(often iron sulfides) oxidize and produce acidity. 
In the absence of alkaline minerals to neutralize this 
acidity, trace elements including harmful heavy metals may 
be mobilized  and transported as runoff, this is called acid 
mine drainage (AMD). 
AMD has a negative impact on aquatic fauna and is thus 
an environmental problem that needs to be dealt with.



Green Liquor Dreg (GLD) sealing layer
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Figure 2. Schematic illustration of a mine waste cover system.

To strongly reduce oxidation and associated AMD, oxygen transport 
needs to be restricted into the mine waste. One way to limit oxygen 
transport is to construct a cover system (an oxygen barrier) on top of the 
mine waste. 

In Sweden, glacial till is often used in the construction of mine waste 
cover systems where the layers of soil creates physical barriers with 
different functions; for example the sealing layer act as an oxygen and 
water barrier. Oxygen diffuses much slower through water compared to 
in air why the sealing layer shall be kept at a high degree of saturation 
(at least 85%). At a saturation around 85% the air filled pores in the 
material becomes discontinuous and diffusion occurs mainly through 
water. The sealing layer need to have a high water retaining capacity to 
maintain a state of near saturation.

Due to tills natural variability finding tills with suitable properties is 
sometimes a challenge. To overcome this problem till can be mixed with 
a material that improves its water retention capacity. Today one method 
is to add a low percentage (ca 5%) of bentonite to the till. However, 
bentonite production is costly both economically and environmentally. 
Recycling waste from the paper and pulp industry as a sealing layer 
material is another option, leading to less waste disposal and enhancing 
a circular economy approach.
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Green Liquor Dreg (GLD)
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Figure 3. Green liquor dregs from four different pulp mills (Virolainen 2018).
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Green liquor dregs (GLD) is a waste 
from the pulp and paper industry that 
have characteristics (fine grained and 
high water retention capacity) making it 
an interesting material to study for the 
use as oxygen barriers in mine waste 
cover systems. 
The picture shows GLD’s from four 
different pulp mills in Sweden. Even if 
the material goes under the same name 
this does not mean that all GLD’s have 
the same properties. On the contrary, 
properties as water content, 
consistency, trace element content, 
smell etc. varies among paper mills but 
also varies over time within the same 
mill. Variations in the material is a 
challenge when working with wastes. 



Previous studies

GLAD project – chemical and physical properties of GLD
Paperchain project – GLD in sealing layers for mine waste covers

Figure 4. Preparation of test site in Garpenberg, Sweden.

Research on GLD use in cover system is rather novel compared to 
the history of mining. There has been researched done on GLD 
during the past 10 years. 

The GLAD project (ended 2019) studied chemical and physical 
properties of GLD’s from 14 different pulp mills in Sweden.

The Paperchain project focuses on utilizing waste from the paper and 
pulp industry, for example in road construction and in concrete. LTU’s 
part in the project address mine waste cover system and will result in 
a field demonstration at Garpenberg mine site (south Sweden) where 
a demo plot with a sealing layer cover construction is planned to be 
built in September 2020 and continuously monitored.



(MMS* Millington-Shearer Model)
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Figure 5. Result of oxygen diffusion rate (De) with 
varying amount of GLD and degree of saturation (Sr) 
(Virolainen 2018).

Oxygen Diffusion

A laboratory experiment, evaluating oxygen diffusion rate in 
GLD/till mixtures, showed that oxygen diffusion (De) rate 
have a clear relationship with the degree of saturation (Sr)  
(a higher saturation leads to a lower rate in oxygen diffusion) 
(Virolainen et., al 2020).

(Swelling of the material when saturated causes a 
calculation error resulting in a few points at the first step of 
the test, to plot as more than 100% saturated.)



Figure 6. Upgrading glacial till by adding fine grained green liquor dreg, reducing 
the porosity and enhancing the water retention capacity of the material.

In the laboratory at LTU the degree of 
saturation is measured in GLD/till blends, at 
different pressure steps, to indirectly predict 
oxygen diffusion rate.

Till is mixed with GLD so that small grains of 
the GLD fills the pores of the till and reduces 
the average pore-size and increase the water 
retention capacity, as smaller pores are harder 
to dry.

Water Retention Capacity



Figure 7. Number of pressure steps and laboratory set-up used to 
measure water retention capacity in green liquor dregs and till blends.

Water retention capacity (WRC) i.e. how strongly a 
material holds on to water when the pressure increase is 
measured in the lab using a pressure plate. The general 
principle of the pressure plate test is to apply a succession 
of increasing gas pressure steps to a sample enclosed in a 
tight cell, and to measure the variation in volumetric water 
content.

Water Retention Capacity



After a series of pressure steps Van 
Genutchen parameter curve is fitted to 
the points to describe the materials 
ability to retain water. 

The diagram to the left describes the 
WRC of a glacial till (sieved to 2 mm). At 
the start of the test (the first pressure 
step) the sample is (almost) 100% 
saturated and at the last pressure step 
degree of saturation is about 20%. 

The graph to the right describes the 
WRC of a GLD/till mixture which is put 
through the same pressure steps as the 
till-sample. By the last pressure step the 
mixture still have a degree of saturation 
of 80 %. The blend shows a higher 
water retaining capacity compared to the 
till. 

Figure 8. Soil water Characteristics Curves (SWCC) describing the water retention capacity in 
a glacial till and a till/GLD blend.

Water Retention Capacity



Conclusion
Oxidation and associated acid mine drainage can be mitigated by 
understanding and modifying soil properties.

It is possible to improve the WRC in natural soil by adding GLD to achieve:

A higher water retention capacity

Slower oxygen diffusion rate



Future studies

- Continuation of laboratory work (WRC, De)
- Measurements from field tests (O2, Sr)
- Numerical simulations

GLD 
performance as 
oxygen barrier 
in sealing layer

The work will continue by evaluating the reproducibility of WRC test and by measuring oxygen diffusion rate (De) both in a laboratory 
setting and in the field in Garpenberg. Numerical simulations in Geostudio’s seep/w will also be used as a tool to simulate oxygen 
diffusion rate using different materials and material properties. 
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