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ABSTRACT: This paper describes the results of a study, which was directed to the determination of 
geotechnical properties of materials, taken from waste deposits situated in different regions of 
Bulgaria. The investigations are concerning the projects related to the encapsulation and remediation 
of the slime pond, oxidative pond and stability analysis of tailings dam. Physical and mechanical 
characteristics of waste materials are determined.  
 
 
1 INTRODUCTION 
 
The design of geotechnical works related to encapsulation and stability analysis of industrial waste 
deposits requires the determination of real physical and mechanical properties of the waste material. 
The Soil Mechanics principles are usually used for this purpose. However, taking into account the 
specific features of the waste materials (short time of deposit, usually uniformly grain size distribution, 
great ability for deformation), some deviations from the standard methods for soils testing are 
possible.  

During the last 10-15 years an intensive program for construction works related to the 
environmental protection in Bulgaria has started. Part of this program is related to designing of 
equipment with the purpose to encapsulation and remediation of industrial waste deposits. The 
laboratory of Soil and Rock Mechanics at the University of Architecture, Civil Engineering and 
Geodesy took part in these programs, mainly conducting laboratory testing for determination of 
geotechnical properties of waste materials.  

Only part of the results from laboratory testing is presented in the paper. Three projects, developed 
under supervision of the author are considered in this paper: Encapsulation of “Blue lagoon”; 
Encapsulation of the oxidative pond near the town of Burgas; Stability analysis of “Liuliakovitsa” 
tailings dam. 
 
 
2 DESCRIPTION OF THE PROJECT SITES 

2.1 Encapsulation of “Blue Lagoon” 

The slime pond (called “Blue Lagoon”) is situated on the territory of the Pirdop Copper Metallurgical 
Plant located some 70 km to the east of Sofia. Industrial activities on this site started in the late 1950’s. 
The Blue Lagoon designates the settling pond, which contains the calcium arsenic precipitate (slime) 
coming from the copper metallurgical plant. The northern edge of the Blue Lagoon is rather close to 
the Sofia-Burgas railway.. 
 The initial slime pond was constructed in 1956, mostly on the original sloping (~ 3.5%) ground 
surface of alluvial soil with a high clay content which is underlain by gneiss bedrock. The elevation of 
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the bedrock surface is variable. Drill holes advanced to either establish the depth to be more than 20 m 
below the ground surface.  
 The slime surface has an area of about 9.6 ha and the greatest depth, in 1997 was 12.70 m below 
the slime surface. The estimated total volume of the stored sediments (slime) was about 600 000 m3. 
 
2 .2 Encapsulation of the oxidative pond near Burgas 

The oxidative pond is situated near the quarter “Meden Rudnik” (Cooper mine) in the town of Burgas. 
To the west the pond is bounded by “Mandra” dam. At first, the pond had been used as a settling basin 
for water supply. During 1984 it was taken out from the scheme of the water treatment and had been 
used as a site for deposit of floating refuse products from cleaning of the other oxidative ponds. 
During 1991 the free filling of the pond by mixture of constructions refuses, sediments and ash from 
the ovens for burning of petroleum and biological sediments began. As a result of this, an area of 298 
ha was filled. Thus, the oxidative pond was formed of three parts: filled body (swamp), settled lake, 
and slime field. 
 The oxidative pond under consideration is constructed without any preliminary construction works 
for the bedrock protection, such as compacting, isolation layers, systems for monitoring and others. 
The bottom of the pond lies on the sandy alluvial material, with 6.0 to 10.0 m deep. Under those layer 
low- to hard-plastic clays are found. 
 
2 .3 “Liuliakovitsa” tailings dam stability analysis. 
The tailings dam “Liuliakovitsa” is a part of the Assarel cooper flotation plant, designed with an 
improved construction. (Abadjiev, Germanov, Markov, 1987). Its final height will be 190 m. The 
starter dam, built of draining rock fill, has a tongue-shaped projecting lower upstream part. The length 
of this part is equal to the distance from the starter dam to the decant pond at the initial stage. It is 
calculated to ensure stability of the tailings dam at its final height. The tongue’s surface has an 
inclination towards the pond that ensures the correct spigotting and favorable separation of the settled 
tailings. The coarser fractions are laid off in the supporting part over the tongue, and the finer material 
is washed off into the pond. This kind of sorting makes it possible to use the good strength of the 
coarse tailings deposited over the tong, as a substitute of the rockfill. Thus, supporting starter dam of 
rockfill with a lower-than-usual height is used.  
 The construction of the starter dam began late in 1984, and the deposition of the tailings started 
in1990. Preliminary study for determination of consolidation characteristics of the tailings, obtained in 
laboratory, was carried out in 1987 (Abadjiev, Germanov, Markov, 1987). Nowadays, the height of 
tailings dam reaches to 130 m (Kalchev, 1997). 
 
 
3 METHODOLOGY OF THE LABORATORY TESTING  

3 .1 Waste materials sampling 
The aim of sampling is to obtain samples for identification of the waste materials as well as to perform 
laboratory testing for determination of the geotechnical properties. The techniques used for sampling 
depend on the in-situ conditions of the settled waste materials. Different methods for sampling are 
applied.  

The drilling works in the Blue Lagoon were done according to preliminary elaborated pattern of 
borehole net, consisting of 32 drillings, with dimensions of gird 50m to 50 m. A floating 
caisson/pontoon was used. Sampling was done through an opening in the center of the pontoon by 
means of a pipe-drilling device of 2.5 inches, internal diameter, with jointed sections of 100 cm each. 
During the process a total of 220 m have been drilled and 225 samples were taken. The samples for 
laboratory study were delivered in liquid condition using plastic bottles.  

A similar method has been applied for sampling of the refuse materials from the oxidative pond. A 
view of the sampling procedure is given in Figure 1. 
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Figure1. View of the refuse sampling procedure from the oxidative pond 
 

 
A borehole net consisting of 40 drillings, was elaborated for sampling from tailings dam. By using 

a standard drive sampling method, more than 50 undisturbed samples were taken at different depths 
through 5 m. A representative sample is shown in Figure 2. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
Fig

 
 
3.2 Pr

Befor
comp
used f
follow

• 
• 
• 

 
Be

shear 
 

 

ure 2. A tailing’s sample  

eliminary methodological compression tes

e the beginning of the official program of 
ression tests were carried out. Two bottle
or the purpose. Both samples have approx
ing initial characteristics for the sample fr
water content    Wn0=205,6%;   
dry density     ρd0=0,397 g/cm3;  
degree of saturation  Sr =1,00.  

aring in mind the above-mentioned result
tests using slime samples after removing th
 Figure 3. Slime specimens prepared for  
 compression tests  

ts of the slime from “Blue Lagoon” 

laboratory geotechnical study, several methodological 
s with slime, taken from 0,5m and 4,5m depth were 
imately uniform initial density and water content. The 
om 4,5m depth are determined: 
wet density     ρn0=1,185 g/cm3; 
void ratio     e0=5,73; 

s, it was decided to conduct consolidation and triaxial 
e free water.  

tata
Proc. XIII ECSMGE, Vaníček et al. (eds). © ČGtS, Prague, ISBN 80-86769-00-3, (Vol. 1)  

tata
Main Session 1 "Man-made deposits - recent and ancient"                                                                                   97



3.3 Initial identification characteristics of the refused materials form the oxidative pond 

The refuse materials have a large quantity of petroleum products. To decrease the effect of these 
products on the geotechnical properties, a special procedure was applied. At first, the refuse materials 
have been laid on a filter paper and rest one day to free drying. After drying in the oven at a 
temperature of 50 - 60 С0 and after free settling, the refuse materials showed approximately 70% soil 
particles and 30% organic contents.  

The identification geotechnical characteristics in “natural conditions” are evaluated according to 
standard methods as follows: the bulk density in by means of direct filling of the refuse materials in 
the oedometers; the water content - drying the samples at a temperature of 50 - 60 С0; grain size 
distribution – by sieve and areometric analysis. The average characteristics are given in Table 1.  

 
Table 1. Basic physical characteristics of the refuse materials from the oxidative pond  

 Characteristics   Settled lake 
0.0-0.7m 

Settled lake 
0.7-0.4m 

Slime field Swamp 

1.  Specific gravity ρs g/cm3 1.354 1.501 1.427 1.437 
2.  Bulk density  ρn g/cm3 0.983 1.073 0.985 0.930 
3.  Water content  w % 580 662 237 279 
4.  Dry density ρd g/cm3 0.145 0.134 0.292 0.245 
5.  Void volume  n - 0.892 0.911 0.795 0.827 
6.  Void ratio e - 8.335 10.27 3.879 4.811 
7.  Degree of saturation Sr - 0.941 0.967 0.871 0.826 

 
3.4 Basic physical characteristics of tailings materials 

 
More than 40 undisturbed tailing samples are investigated. Depending on the sampling depth, the 
physical characteristics vary in the range given in Table 2.  
 

Table 2. Basic physical characteristics of the tailings materials 
 Characteristics   From To 

1.  Specific gravity ρs g/cm3 2.68 2.78 
2.  Bulk density  ρn g/cm3 1.53 2.06 
3.  Water content  w % 4.9 32.0 
4.  Dry density ρd g/cm3 1.32 1.78 
5.  Void volume  n - 0.366 0.528 
6.  Void ratio e - 0.525 1.12 
7.  Degree of saturation Sr - 0.53 0.99 
8.  Grain size distribution     

 • Sand  % 14 64 
 • Silt  % 36 80 
 • Clay  % 13 22 

 
 
4. DETERMINATION OF THE MECHANICAL PROPERTIES 

4.1 Oedometric tests 

Two types of oedometer have been used for compression tests: 
• Oedometer without friction along the circular area of the sample for long term consolidation tests 

with one side vertical drainage (Germanov, 1988).  
• ELE Rowe type consolidation cells for compression tests with radial inwards drainage. 

The oedometric tests of the tailings were carried out directly by using undisturbed samples. 
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 Taking into account that it is impossible to take undisturbed slime and refused material samples 
and after the conclusion that there is not great variation of the unit weight with depth, a non-standard 
procedure was used for preparation of samples for all oedometric tests. According to the approximate 
evaluation of density of samples, measuring the cell volume, the required mass of the natural slime 
and refused materials (mixture from 3-4 bottles) was measured. This mass is put into the cell, 
compacted uniformly, on 4 - 6 layers. 
 Typical consolidation curves are presented in Figure 3. 

By using curves e=f (σv) for each oedometric test, according to ASTM D 280-95 and NF P 94-070 
the following compression characteristics are calculated: initial void ratio ei; preconsolidation pressure 
σ’p; compression index Cc; swell index Cs; oedometric secant modulus Eoed; oedometric elastic 
modulus E. 
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Table 3. Average compression and time depending characteris

 Characteristics  

1.  Initial void ratio e 
2.  Preconsolidation pressure σ’p 
3.  Compression index Cc 
4.  Swell index Cs 
5.  Oedometric secant modulus Eoed 
6.  Oedometric elastic modulus E 
7.  Coefficient of vertical consolidation Cv 1
8.  Coefficient of radial consolidation Cri 1
9.  Creep index Cαe 
10.  Initial time of creeping t0 
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kPa 8 10 20.0 
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- 0.0205 0.0128 0.0016 
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sing time-deformation curves in “log scale” 
d applying Casagrande’s method. 

solidation) are computed by using formula:  
cient of secondary compression.  
g-time-settlement curves.  
omputed by using square-root time curves 

istics are presented in Table 3. 
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.2 Triaxial shear tests 

Triaxial shear tests were carried out only with slimes and tailings samples. The following types of 
triaxial shear tests are performed: undrained-unconsolidated (UU) and consolidated undrained (CU) 
tests, with pore pressure measurement. 

After preparation of the specimen, each triaxial shear test is carried out following the standard 
procedures according to standards (ASTM D 280-95 and NF P 94-070, October 1994). Each shear 
strength parameter is determined using four Mohr circles.  

The results from UU and CU tests are presented by following relationships: deviator stress-axial 
strain, pore pressure increment – axial strain and relations t = f(s) and t’ = f(s’) [t = t’=(σ1-σ3)/2; 
s=(σ1+σ3)/2; s’=(σ'1+σ'3)/2]. Average results from triaxial shear tests are presented in Table 4.  
 

Table 4. Average shear strength characteristics  
 Characteristics   Blue lagoon Tailings 

dam 
1.  Apparent cohesion intercept cu kPa 32 - 
2.  Effective cohesion intercept c′ kPa 12 15 
3.  Effective angle of internal friction ϕ ′ degree 25 21 

 
 

5. CONCLUSIONS 

Based on the results of the different tests conducted on undisturbed and modified (disturbed) samples 
of the waste materials, the following conclusions may be drawn:  
• The slime samples have high porosity (more than 80%) and are fully saturated. The slime material 

can be classified as a “fine sandy silt”. 
• There is little variation in unit weight of the slime and refuse materials for different depths. This 

phenomenon could be explained by the fact that the deposits are under water and consequently by 
the small value of the effective overburden pressure. 

• The industrial refuses from the oxidative pond, in view of the mineral composition, have very small 
bulk densities (≈ 1.0 g/cm3), and water content more than 250%). 

• All disturbed samples have great deformations under vertical loading. Under small step loading (up 
to 10 – 20 kPa) the relative strain reaches 35 – 50%. 

• All consolidation tests show typically consolidation relationships, where the creeping effect 
(secondary consolidation) is very clear expressed. 

• Physical and the mechanical characteristics of the materials from tailings dam depend on the depth 
of sampling, i.е., on the stress-strain state of the dam.  

 All results from the laboratory investigation have been used for stress-strain-time behavior and 
stability analysis of the deposits. 
 
 
R
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