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ABSTRACT 

Several significant types of environmental damage were caused by copper ore mining in Recsk; 
therefore, remediation of the area is important. The ore was processed using flotation technology; the 
flotation slurry was deposited at several sites decades ago, but its moisture content has not changed 
significantly since then. The dumps formed using this material have low stability, which is a 
significant problem for remediation work when temporary slopes are formed. Thus the investigation 
of the water-releasing capability of the slurry is very important, as well as the comparison of the 
behavior of the dewatered slurry. Oedometer tests and shear tests were carried out on samples, some 
of which were dewatered. The oedometer tests showed that the compressibility due to vacuum 
dewatering of the slurry did not change significantly. This result was confirmed by the results of the 
shear tests, where almost the same cohesion and angle of internal friction were measured. Thus 
dewatering alone is not enough to improve the bearing capacity of the flotation slurry, and other 
supplementary methods will be needed to stabilize the site. 
 

INTRODUCTION 

The mining of copper-containing ores in the Recsk area began in the 19th century [1]. In 
1925 a flotation unit started to help the production that produced a large volume of flotation 
sludge with high heavy-metal content [2]. The slurry was deposited into several deposits that 
are nowadays active pollution sources, where the remediation is required. The slurry has very 
special geotechnical behavior; therefore, a straightforward investigation of the material was 
performed. During the investigations the material was investigated also in its natural 
condition, where due to its high sorbed water content the deformability was found to be very 
high while the bearing capacity was very low. The very low permeability of the sludge 
hinders the reduction of moisture content, but the construction work planned to be done at the 
site during the remediation require the slurry to be dewatered. 

The aim of this paper is to present the recent geotechnical characteristics of the slurry 
and to focus on the possibilities for “reinforcing” the material through dewatering and 
artificial compaction. We performed vacuum procedure to extract a part of the water content 
of the slurry and we made some comparative geotechnical shearing and oedometric tests to 
evaluate the changes in compressibility and shearing resistance of the material. 

The investigations presented provide some additional information that will be of use 
when designing the remediation of the site in the near future. 

 

MATERIALS AND METHODS 

To investigate the problem, tests of water adsorption capacity, the dewatering 
characteristics at vacuum and bearing capacity were performed. The bearing capacity of a 
material can be characterized by its compressibility and shear resistance; therefore, 
oedometer and direct shear tests were carried out.  
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Due to the very fine grain size and the low 
permeability the “natural” water content of the 
slurry is high (w ≈ 40%). The bearing capacity of 
the fine-grained materials is influenced by the 
moisture content; thus, we investigated the water 
absorption capacity of the slurry. The water 
absorption capacity is the amount of water which 
the fine grains (d < 0.06 mm) can absorb at dry 
condition, which can be measured using the Enslin 
apparatus (Figure 1). 
 

Dewatering by vacuum wells 

Vacuum wells can be used effectively for the reduction 
of water content of fine-grained materials. Compared to 
gravity-driven dewatering, not only the gravitational force 
takes part in the development of the depression but also the 
effect of the vacuum (negative relative pressure) evolves 
suction of the pore water. Another advantage of the vacuum 
well is that it may stabilize the wall of a possibly existing 
open pit due to the seepage opposite to the potential sliding 
direction.   

Figure 2 shows the vacuum system which we 
constructed in the laboratory: 

1. vacuum pump 
2. pressure receptacle 
3. pressure sensor 
4. precipitating vessel 
5. sample (with membrane isolation) 
 

 

Oedometer tests 

The compressibility of the different materials can be characterized 
by oedometric tests where the function of the ∆h / h unit strain versus 
normal load function is determined in a rigid cylinder, where h is the 
sample height and ∆h is the change of the height at a given load [3, 4]. 
The equipment is shown in Figure 3.  

 
Figure 1. 

Enslin apparatus 

 
Figure 2. 

Dewatering by vacuum 

 
Figure 3. 

The oedometer 
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Direct shear tests 

The shear strength of the materials can be characterized by the Coulomb equation: 
 

                                                           τ = σ tgφ + c     (1) 

In the equation the c and φ are material properties which are called shear strength parameters. 
According to Coulomb, the failure of the material is caused by the friction between the 

particles and the cohesion being exceeded by 
the shear stress [5]. 

During the shear box test, the shear takes 
place along a predefined surface while the 
sample body is loaded vertically with a given 
amount of force. Both the deformations and 
the horizontal shear force are measured.  
The shear box used in the test is shown in 
Figure 4. 

Both the different shear and normal 
stresses are measured simultaneously, and 
are plotted using the σ – τ coordinate system. 
The failure line is determined by a linear fit 
plotted on the measurement data, the internal 

friction angle is given by the slope of this linear fit and the cohesion is determined by the 
intersection with the y axis.  

 

RESULTS 

The results of the water absorption capacity tests are shown in Table 1.  
 

During the oedometer tests the sample body has been vertically loaded stepwise and the 
vertical deformations have been recorded (Figure 5). The result of the measurement is the 
compression curve, which can be obtained if the maximum values of the unit strains at each 
loading steps are plotted as a function of the σ normal stresses.  

 
Figure 4. 

The shearing machine 

                 Table 1 

Water absorption capacity of the investigated material 

Recsk type flotation slurry (Maximal water absorption capacity: 40.83%) 

Elapsed time [s] 15 sec 30 sec 1 min 2 min 4 min 

Test 1. [ml] 0.215 0.34 0.41 0.37  

Test 2. [ml] 0.23 0.34 0.41 0.385  

Test 3. [ml] 0.21 0.31 0.38 0.405 0.35 
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This is shown in Figure 6 at the “natural” (cca. 40%) moisture content. Samples of 20 
and 44 cm2 cross section were measured in several repetitions. The compression curve was 
drawn based on the average of several measurements. 

 
The compressibility of the same slurry material was also determined after applying 2 

hours of vacuum at different intensity (0, 40, 65, 90 kPa), which resulted in a reduction of 
moisture content and increase in the initial level of compaction.  

The results of one-loading-step oedometer tests are shown in Figure 7. The normal load 
corresponds to the pressure applied to the slurry by the coverage clays at the original deposit. 

During the shear box tests, the shear strength parameters of the Recsk flotation slurry 
were investigated at two moisture levels. In the first series of measurements the samples from 
the test area were investigated at the “natural” (~ 40%) moisture content, in the second one 
the samples were tested after 2 hours of vacuum dewatering at 90 kPa. 

 
Figure 5. 

The relation between time and unit 
strain (ε) and the applied loading steps 

 
Figure 6. 

The compression curve of the flotation slurry 
at “natural” (~ 40%) moisture content using 

different sized oedometers 

 
Figure 7. 

The compression curves of the vacuumed samples 
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In both cases the samples were consolidated for 1 hour at different normal stresses in the 
70–200 kPa range. The results of shear box tests are shown in Figure 8.  

 

DISCUSSION 

According to the results of the tests using the Enslin apparatus, the water absorption 
capacity of the flotation slurry is rather high. The sorbed water on the grains interface is 
difficult to remove, as shown by the water content of the vacuumed samples. After the 90 kPa 
vacuum dewatering the moisture content of the sludge reduced from 40% to 30% (Figure 8).  

Based on the results of the oedometer tests (Figure 7) it could be proven that the 
dewatering by vacuum slightly affects the compressibility, but this cannot be accepted as the 
main factor influencing the consolidation procedure of the slurry. 

The results of shear box tests show that the vacuum handling of the sludge raised the 
shear strength of the slurry a bit, but the change from a geotechnical point of view is almost 
irrelevant.  

The tests performed prove the fact that the low shear resistance of the sludge is assured 
not by its high water content but by the presence of the different surfactants that are bounded 
chemically to the materials originated from the original processed ore. This explains why 
dewatering alone cannot be enough to increase the stability of the sludge. Dewatering must 
be applied in addition to chemical treatment that destroys the structure of the slurry and that 
compensates for the charges on the surface of the grains. 

 

 
 

Figure 8. 
The results of the shear box tests of the flotation slurry by the 

“natural” and the vacuumed moisture contents 
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CONCLUSIONS 

Although the flotation slurry was deposited in the Recsk area decades ago, its moisture 
content is still very high. The low stability of the material poses a significant problem during 
remediation. A comparison was made of results for dewatered slurry from oedometer and 
shear tests. From the results of the oedometer tests, it can be determined that the 
compressibility due to vacuum dewatering of the slurry did not change significantly. Shear 
test results confirm this finding, since cohesion and the angle of internal friction of the 
compacted slurry was measured in the 16–18 kPa and in the 22–24° intervals, both at natural 
conditions and at vacuum-reduced water content. We conclude that dewatering is insufficient 
to ensure the stability of the slurry.  

Other methods will be investigated for increasing stability at the remediation site. One 
approach is to develop a geotechnical model for the stability of slopes. Another possibility 
worth investigating is slurry-specific chemical treatment to destroy the existing structure of 
the material. 
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LIST OF SYMBOLS 

c cohesion kPa 
ε unit strain - 
σ normal stress kPa 

τ shear stress kPa 

φ 
internal friction 
angle 

° 
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