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Abstract 
 

Blending slime tailings with coarser materials, such as flotation tailings, has gained popularity to 
overcome the problems of fine-grained material dry stacking. The problem is the maintenance of high 
degree of saturation, particularly at the base of these stacks, due to the water retention capacity. 
However, there is little information about the unsaturated hydraulic performance of these blends. 
Basic geotechnical characterization, compaction, oedometer and soil water retention tests were 
carried out on itabirite iron ore slime tailings, flotation tailings and their blends. The soil water 
retention curves (SWRC) and the unsaturated hydraulic conductivity functions, obtained using 
Fredlund and Xing’s (1994) method, are analysed in an equilibrium situation over the depth of a 
hypothetical filtered tailings deposit. The paper assesses the effect of capillary rise in blends using 
water retention curves. Through the proper interpretation of the SWRC, it is verified that the pile 
thicknesses with a saturation degree above 80% of the blends are close to pure flotation tailings and 
significantly smaller than pure slime tailings. Therefore, for itabirite iron ore tailings, adding slime to 
the flotation tailings, up to 30% in mass, is a viable solution to minimise the effect of high degree of 
saturation in slime tailings. 
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1 Introduction 
 

In a dry stacking of filtered tailings from mineral concentration, the soil water retention curves (SWRC) 
and hydraulic conductivity parameters play fundamental roles in the stability. The determination of 
the SWRC and its proper interpretation positively contributes to understanding the distribution of 
water in the embankment and, thus, allows us to assess whether there is the possibility of saturation 
of the material and how to circumvent the possibility of liquefaction. The finer the gradation of the 
tailings, the greater the challenge of stacking safely. An alternative to mitigate the difficulty of 
disposing of fine tailings is blending them with coarse tailings in proportions that do not significantly 
alter the geotechnical hydraulic performance of the resulting blend compared to pure coarse tailing. 
The risk this process incurs is a high degree of saturation within the stack. Thus, in the design of dry 
stacking of varied filtered materials, it is necessary to evaluate how the blend of different materials 
will affect the SWRC and its hydraulic conductivity function (HCF). The materials were prepared by 
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mixing slurry tailings (silty clay) and flotation tailings (silty sands) in different proportions. The tests 
were carried out at the Technological Research Institute (IPT) of the State of São Paulo. This paper 
presents geotechnical data of tailings to be used in a dry stacking project of iron ore in the region of 
Minas Gerais (Brazil) and the analyses resulting from the interpretation of these data.  

2 Conclusion 
 

The geotechnical characterisation of the materials indicates no plasticity, except for one of the 
samples: the pure slime (100%SL). The content of particles smaller than 2 µm ranged from 1% to 29%, 
with all blends showing that over 5% particles are smaller than 2 µm. For the pure slime, the 
percentage of particles smaller than 2 µm was 29% and presented an optimum water content of 16.5%. 

The blend of pure flotation (100%FL) with pure slime induced a reduction in the optimal moisture 
content, generating materials with optimal moisture content values of the order of 11% for all blends, 
a value very similar to the total tailings (TT). The maximum dry density of the blends ranged from 
2055 kg/m3 to 2195 kg/m3; the total tailings presented a maximum dry density value of 2220 kg/m3. 

The consolidation test indicated that adding pure slime in the pure flotation reduces the compression 
index for 10% slime in mass but increases it for proportions of 20% slime or higher. The expansion 
index is strongly reduced in the blend with 10% slime in mass but slightly reduced in the blends of 20% 
and 30% slime. 

The saturated permeability coefficient, Ksat, obtained during consolidation tests indicated little 
variation due to vertical stress. The pure flotation showed the highest Ksat, and the pure slime showed 
the lowest. The blends showed intermediate values, close to the one of pure slime tailings. 

A fundamental aspect that emerged from the results obtained is the possibility of inferring the 
material’s capacity to remain saturated or with a high degree of saturation. The value of the air entry 
suction, whether it is a real concept or a value derived from the adjustment of the retention curve 
data, controls the maintenance of a high degree of saturation in a capillary rise process, for example. 

Regarding the degree of saturation maintained by the porous material, the results obtained indicate 
the following: 

• The pure slime material has the greatest air entry suction and is, therefore, the one material 
that maintains a high degree of saturation in a capillary rise analysis. This material maintains a 
prejudicial  degree of saturation above 80% up to a height of approximately 80 m, in an equilibrium 
state with no infiltration nor evaporation. 

• The other materials tested have a thickness with a degree of saturation above 80% above the 
phreatic level lower than 1 m, although these thicknesses must be considered in the design. 

• Thus, the blend of materials provides important improvements on the tailings’ water retention 
performance compared to the pure slime tailings, reducing the thickness with the degree of saturation 
above the safe limit by capillary action. 
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The study demonstrated the usage of retention curves to assess possible capillary rise saturation. In a 
dry stacking of filtered tailings, to reduce landfill saturation problems, it is essential to carry out this 
analysis based on material retention curves, verifying the possibility of saturation by capillary rise or 
infiltration. 

Pure slime tailings pose a challenge in this context; however, pure flotation tailings offer better results. 
Thus, a possible alternative for the disposal of slime tailings is to blend them up to 30% of slime in mass 
to the flotation tailings to dry stack the resulting blend. However, this article did not deal with 
evaluating the best compaction state of materials to guarantee not only an adequate saturation profile 
but also a material with a dilatant behaviour when saturated, which further research in the field can 
consider. 
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