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Abstract. Million tonnes of tailings are formed in the world each year due to increasing mining activities along with the in-
crease in need for raw materials. The tailings may cause important environmental problems. Therefore, tailings management is
very important issue in mining operations. In recent years, with the developing technology, the new tailing disposal technolo-
gies such as paste and using geotextile materials have increased considerably. These methods have many advantages in terms
of both environmental and cost reducing. Another important issue in terms of mining is the accidents and occupational health
problems in underground coal mines. The problems can be described as spontaneous combustion, roof collapse, gases extrac-
tion from coal bed, and etc. These accidents have been significantly reduced with use of mining chemicals in underground
mines. In this study, tailing management and mining chemicals which are very important in terms of mining applications are

examined.
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1. Introduction

1.1. Tailings Management

A significant number of tailings with a high content of
cyanide or sulphur arises from the beneficiation process of
metallic mines such as gold, silver, copper, and lead. The
influence of these hazardous tailings on the environment may
have multiple aspects. The control and configuration of this
kind of environmentally dangerous tailings in terms of isola-
tion at disposal site, construction of impermeable layers,
transportation from plant, stabilization, safety, their effects
on water, and soil quality are the main parameters that could
be considered carefully. In this context, tailings management
are very important to selection of the optimum disposal
method. Also, some parameters such as physical and chemi-
cal characterization of tailings, properties of newly formed
material (e.g. acid potential, stabilization, cost and applica-
bility of the paste tailings etc.) should be evaluated. Safely
disposal of mine tailings under surface conditions is of great
importance in the aspect of environment [1].

There are some disposal methods which have been ap-
plied in the mining industry for a long time. These methods
have some advantages and disadvantages besides environ-
mental considerations. These methods are explained briefly
below;

* Tailing dam

+ Submarine tailing disposal

* Dry disposal

« Paste technology

« Tailing Disposal Method Using Geotextile Material

1.2.Tailing Dam

Tailing dams are used to store tailings and water together.
Tailing slurry is pumped into a dam to allow the sedimenta-
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tion of solid particles in water. The dam is generally im-
pounded with a dam which is known as tailings dams. In the
modern mines, between 40 and 100% of the total tailing’s
slurries are deposited on the mine-site surface (tailings dam).

Higher volumes of water and tailings (usually 15% solids
and 85% water by weight) are sent to tailing dams making it
very difficult to control the stability of the dam under condi-
tions such as static and dynamic loads (seismic activities,
vibrations caused by blasting, etc.), flooding, and seepage.
Meanwhile, 138 mine tailing storage dams have significantly
failed so far. Recent examples are given below (Figure 1):

In 1998, the Los Frailes mine tailings dam in Aznalcollar,
Spain, failed releasing five to seven million cubic metres of
mine tailings into the Rio Agrio (Figure 1a).

In 2010, releasing of 600-700 thousand cubic metres of
red mud and water caused huge devastation in Hungary (Fig-
ure 1b).

In 2011, an accident occurred in ETI Silver Company sil-
ver production plant in Kutahya, Turkey. A connection walls
for four impoundments failed leading to a situation where 25
million cubic metres of water containing cyanide created a
great risk to environment (Figure 1c).

In 2019, the Brazilian mining dam which collapsed in
January, Killing hundreds of people. One hundred and forty-
two people died and 194 are still missing after the dam near
Brumadinho in Minas Gerais state collapsed on 25 January
(Figure 1d).

1.3. Submarine Tailing Disposal

In this method that is also known as submarine tailings
disposal (STD) or deep-sea tailings disposal, tailings are
discharged by pipelines into the sea marine environment
below euphotic zone. This zone is generally considered to be
environmentally safe (Figure 2).
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Figure 1. Examples from various tailings dam accidents
around the world: a) Los Frailes mine tailings dam in Aznalcél-
lar, Spain, 1998; b) Kolontar tailings dam failure in Hungary,
2010; c) ETI Silver Company silver production plant in Kutahya,
Turkey, 2011; d) The dam was 87 m high, impounding almost 13
million cubic meters of tailings
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Figure 2. Submarine tailing disposal method

Today’s marine disposal discharges are in deep water at
final deposition in depths of 30 to 300 m in Norway and over
1000 m in Turkey, Indonesia, and Papua New Guinea. In
2013, submarine tailing disposal was used by 14 mines.

Riverine disposal is a very simple method. Tailings are
discharged by pipelines into the river in this method. This
technique has been practiced throughout mining history.
Economics and technical feasibility factors (e.g. mountainous
terrain, earthquake prone, extreme rainfall) are considered
when considered this method. In 2013, riverine tailing dis-
posal was used by four mines.

1.4. Dry Disposal

In this method, the dewatering of tailings is done using
vacuums and high-pressure filters which save the water and
reduce the impact on the environment. Tailings are filtered to
a percent solid greater than about 85%, and transferred using
conveyor and truck (Figure 3).

1.5. Paste Technology

Paste technology is a good alternative for waste manage-
ment systems because it has many benefits in the aspects of
environment, cost, and safety.
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Figure 3. Dry Disposal

In particular, the tailings which include harmful chemical
ingredients can be disposed without causing any environ-
mental damage in this method. Paste backfill is a pumpable,
flowable, and non-Newtonian fluid consisting generally of
mine tailings and cement. The process tailings are usually
used as paste backfill material in some underground minings
(Figure 4), but it is not possible to apply this method in open-
pit mining. For this reason, tailings can be stored above
ground in the open-pit mining as surface paste disposal.
Therefore, the behaviour of the paste material is different
from the other applications.
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Figure 4. Underground (left) and surface (right) application
of the paste technology

Paste is defined as a thickened material formed by mixing
dewatered fine tailings with water and preferably binder
(cement). Addition of cement into paste changes both the
chemical and physical characteristics and buffers acid-
producing oxidation reactions, resulting in less mobilization
of metals. In order to form a flowable paste, it is required to
have particles at least 15% of solid ratio and finer than
20 pm.

1.6. Tailing Disposal Method Using Geotextile Material

Geotextile material was first used in the field of dehydra-
tion in the 1970s, and then in mining in the 1980s. The tail-
ing disposal method using geotextile material is based on the
principle of pumping, dehydrating, and disposing of the
tailing of the facility in a material called geotextile tube.
Geotextile tubes are produced with high strength, braided or
not braided, and in required dimensions. The biggest ad-
vantage of this method is not toneed forany disposal area.
The application of the tailing disposal using the geotextile
material is shown in figure 5.



A. Bascetin et al. (2022). Engineering Journal of Satbayev University, 144(6), 41-50

Figure 5. Geotube technology

As it is seen in figure 3, the material is pumped into geo-
textile tubes with the help of pumps, and the water that flows
through the pores of the tube is fed once again into the facili-
ty. The disposal design with geotextile material first starts
with determining which type of geotextile tube will be used.
Here, the pore opening and strength of the geotextile tube are
the parameters to take into consideration. Then, the type and
amount of the flocculant that prevents the flocculating and
getting of very fine materials off the pores of geotextile tubes
should be determined. The total cost increases in case of the
excess use of the flocculant material, while the fine material
does not flocculate when it is used sparsely. The pump and
transmission line should be designed after the selection of the
flocculants and geotextile tubes.

2. Mining Chemicals

Since ~20 years, mining chemicals are used successfully in
the coal mining industry for stabilizing coal and strata, pre-
venting roof falls and spalling, coal spontaneous combustion
prevention, and for sealing. Fast curing resins were tested in
the coal mining industry. In the first attempt, epoxy resins
were used. Soon they were outperformed by polyurethane
foam resins, characterised by much shorter setting times. In
recent years, Mining chemicals have been established as a very
effective means for stabilising coal and strata in hard coal
mining industry. Their main advantages are their simple appli-
cation, fast action and ability to stabilise rock formations under
high stress and movement. Mining sector demands more
lightweight, cheaper and more efficient materials, especially in
underground coal mines. Polymer based foams are remarkable
with their properties such as high toughness, high impact re-
sistance, higher thermal stability, lower electrical conductivity
and thermal insulation. Because of these advantages the usage
of mining cehmicals such as polyethylene, poly-urethane,
polyvinilclorur, polypropylene has been increased for mining
sector. Resin and foams are the most important chemicals for
use in underground mining (Figure 6) [2,3,4].

Figure 6. The use of Resin and Foams in underground mining
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By employing a suitable chemical blend, the performance
of the resin can be adjusted to the engineers' needs in respect
of mechanical strength, setting time and other characteristics.
Table 1 shows the technical properties of phenolic resins in
mining chemicals and in table 2, phenolic foams.

Table 1. Technical specification of phenolic resin

Values
~30
3.5-7.5 (24h, bro-
ken surfaces)

Technical Specification
Compressive Strenght (MPa)

Bond Strenght (MPa)

Flexural Bond Strenght (MPa) 3.5
Bending Tensile Strenght (MPa) ~7 (24 h)
Viscosity Mpa*S (A Comp./B Comp.) 250-425/150-180
Foam Expansion Factor 1

Flash Point >200 (comp. B)
Elasticity Modulus (MPa) 250

Final Strenght Time 15 min
Flow Time (25 C°) 1’20 -2 30”
Setting Time (25 C°) 2’357 -345”
Border Time (Min 1MPa Flexural Bond <5 min

Strenght)

Table 2. Technical specification of phenolic foams

Technical Specification Values
Compressive Strenght (KPa) (%10 -60
Deformation)

Foam Expansion Factor 25
Start of Foaming Immediately
End of Foaming 30S
Temperature of Reaction 90 C°

Viscosity 25 C° Mpa*S (A Comp./B 200-900/<100
Comp.)

3. Case Studies

3.1. The effects of cement on some physical and chemical
behavior for surfacepaste disposal method [5]

Environmental impacts resulting from conventional tail-
ings disposal such as tailings dam accidents are a common
problem for base metal mines around the world. In this con-
text, laboratory-scale researches have been carried out on the
Surface Paste Disposal (SPD) method, which is one of the
alternative surface storage methods. In this study, three dif-
ferent designs were attempted for surface paste disposal and
volumetric water content, oxygen consumption and matric
suction sensors in 1st, 5th and 10th paste layers and pH-
electric conductivity (EC) values were measured.

Especially, it has been determined that the amount of ox-
ygen in the environment required for the oxidation of sulfur
minerals is reduced in cemented layers of Design 3. In addi-
tion, the cement additive keeps the pH values (over 7) of the
seepage in an alkaline environment so that it minimizes the
risks of Acid Mine Drainage (AMD) and heavy metal mobi-
lization at low pH values. Also, EC values started a down-
ward trend and ion dissolution decreased in cemented layers
with designs. As a result, it is understood that the cemented
layers act like a barrier according to the sensor measurements
(Figure 7 and 8).

The volumetric water content for layer 1 and the corre-
spondingly calculated values in the solid content by weight
(SC = Solid Content/ Total Mass of Pulp) value are given in
figure 9 for design 1 and design 3 respectively.
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Figure 9. VWC and SC values of Layer 1 in Design 3 (cement
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As seen in figure 9, after the first layer is stored, an in-
crease in volumetric water content of ~35% is observed. It
was determined that design 3 remained stable between at
81%-84% of SC after the storing of the fifth layers. These
results can be expressed as the paste material being consoli-
dated with the loads upon it and reaching hydrostatic balance
after a certain period of time. The pH and EC values of seep-
age water collected after the depositing of each layer were
measured. The pH changes are shown in Fig. 10. The EC
values are also given in figure 11.
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Figure 10. pH of seepage in three different designs
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Figure 11. EC values of seepage in three different design

As seen in figure 10, the pH values in design 1 are often
lower than 7. On the other hand, it is understood that the
cemented layers in designs 2 and 3 do not allow the pH val-
ues to fall below 10 because they generate alkaline silica
reactions in these layers after solving the alkali minerals that
act as a barrier. The sulfide oxidation on seepage quality was
reduced through the presence of minerals and cement that
buffered pH. In figure 11, it can be seen that the EC values of
design 1 are greater than 3 after the deposition of first layer,
and this state continues in each subsequent deposition of
other layers. In designs 2 and 3, it was determined that the
EC values started a downward trend and that ion dissolution
decreased according to design 1 after deposition of the first
layer. As a result, the cement additive keeps the pH values of
the seepage in an alkaline environment so that it minimizes
the risks of AMD and heavy metals mobilization at low pH
values. Furthermore, it can be said that this theory supports
the decrease in the number of dissolved ions in designs with
cemented layers.

3.2. Application of Pb-Zn tailings for surface paste dis-
posal: geotechnical and geochemical observations [6]

Surface paste disposal (SPD) technology has been inves-
tigated recently to solve the geotechnical (tailings dam fail-
ure) and geochemical (acid mine drainage formation) prob-
lems relating to tailings disposal. The tailings dam accidents
occurred in the last few years have expedited the researches
to search for safer tailings disposal methods in mining indus-
try. The aim of this study is to investigate which parameters
affect the geotechnical and geochemical stability of sulphidic
paste tailings as SPD. The pH, EC and crack intensity of
paste tailings placed in layers were measured to observe how
the parameters affect their stability. In this study, it can be
seen that solid concentration of the paste material increases
above ~80 wt.%, and its shear strength is above 20 kPa. In
addition, the pH values reduced from 7.4 to 6.6 and the EC
values increased from 2.9 to 3.3 mS/cm in seepage water of
the paste layers. According to these values, it can be said that
there is a very low environmental risk using the SPD. Results
showed the applicability of the SPD method by obtaining
geochemical and geotechnical stability.
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Figure 12. Test cabin design
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The VWC of paste mixtures in the storage process was
measured by the sensors placed in 1st, 5th and 10th layers,
and the changes of the solid concentration calculated accord-
ingly are given in figure 13.
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Figure 13. The volumetric water content and solid

concentration of layer 1

The solid concentration of the layer 1 at the time of being
casted is seen in figure 4 as 71.5% for 1st layer. Because of
the effective stresses formed by the next 3 layers, layer 1 was
consolidated and quickly lost its water, and 82% of solid
concentration was reached at a time period of 24 days. The
loss of total water consists of seepage (17 wt.%) and evapo-
ration (83 wt.%). In the next layer casting process, it was
determined that layer 1 was not affected by the effective
stresses created by the cumulative 7 layers which were stored
successively. After layer 4 and by seepages, and it remained
constant for the next 64 days in 82% solid concentration.
Therefore, it was determined that the water content value of
the layer 1 with the highest risk of liquefaction is due to
excessively added paste layer. According to seepage analyses
performed, the seepage of layer 1 was determined to be in the
value of 7.4 and 2.9 mS/cm bearing no risk in terms of pH
and EC values. The crack intensity generally remained below
the average up to layer 11 when going ahead to upper layers
along with layer 5 (Figure 14).

5r Max. crack intensity:
3.898%
v

2+ L4
Average crack intensity:
2.714%

Crack intensity (%)

4
Min. crack intensity:
1.579%

0 2 4 6 8
Paste layers

10

Figure 14. Crack intensity values of paste layers

These changes in the crack intensity of layers can be said
to be dependent on many parameters such as evaporation-
drying, precipitation and disposal conditions, fast-draining
consolidation and matric suction on the formation of cracks.
After the storage process was completed, samples were taken
from the different cabin heights, and the paste’s shear
strength was determined by direct shear box test. According-
ly, cohesion and internal friction angle determined by differ-
ent heights (0-15cm, 15-30 cm, 30-44 cm) are given in
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figure 15. In this context, the layers 1, 2 and 3 remained
within the area of 30-44 cm, the layers 4, 5, 6 and 7 re-
mained within the area of 15-30 cm and the layers of 8, 9, 10
and 11 remained within the area of 0-15 cm.
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Figure 15. Graphic of normal stress-shear stress of the areas
determined by different heights

As can be seen from figure 15, the gradual decrease in the
spaces between the particles of the bottom layers which are
consolidated of their own weight ensured a more stable struc-
ture formation. Accordingly, it was observed that the average
cohesion value of first 3 layers was ~34 kPa and the angle of
internal friction was 35.08°; the average cohesion of layers 4,
5, 6 and 7 was ~30 kPa and the angle of internal friction was
32.92°; the average cohesion of the top 4 layers was ~22 kPa
and the angle of internal friction was 32.20°. Thus, the land
stresses formed in the bottom layers more than the upper
layers during the storage of the material in the field would be
met with the strength of the material increasing to the bottom
layers, and the paste will maintain its stability.

3.3. An investigation of crack formation in surface paste
disposalmethod for pyritic Pb—Zn tailings [7]

Surface paste disposal method can be used to minimize
environmental risks during storage of mine process tailings.
There are some researches and industrial applications which
prove success of the method. The surface paste disposal of
mineral process tailings obtained from a Pb—Zn underground
mine was simulated considering mine site conditions at la-
boratory scale in the study. The paste material was stored in
the cabin/container layer by layer, and then, the cracks oc-
curred after the paste formation of each layer were analyzed
by image process. Meanwhile, leachate water collected from
the bottom of the cabin was subjected to electrical conductiv-
ity (EC) analysis. Furthermore, the wetting—drying process
was conducted to simulate the climatic conditions of the
region. Additionally, some physical and geochemical param-
eters such as matric suction, volumetric water content, and
oxygen consumption of the paste material were obtained
using sensors displaced into different layers. The results of
the crack analysis for each layer showed that the cracks in-
tensity increased at lower layers (Figure 16). Moreover, the
crack intensity and EC values of each layer showed a similar
trend, and the crack intensity increased almost five times
during the wetting—drying tests. The measured values of the
parameters obtained from the tests indicated that the deposit-
ed paste material can be stabile during the deposition over
the years under the climatic conditions of the region.
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Figure 16. The results of the crack analysis for each layer

Based on the crack analysis from figure 16, the CIF val-
ues for each layer were determined along with EC values,
and the results are seen in figure 17.
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Figure 17. CIF and EC values of the each paste layer

Figure 17 shows that the crack intensity increased from
the 1st layer to the 3rd layer, and the similar tendencies were
observed between the 6th and 8th and 9th and 11th layers.
However, particularly the crack densities of the 3rd and 11th
layers are much more than those of the other layers. As seen
in figure 17, while the maximum and minimum crack inten-
sity of the layers was obtained as 3.898 and 1.579%, respec-
tively, the average intensity was calculated as 2.714%. Fig-
ure 17 shows that the electric conductivity (EC) value also
changed along with the changes in the crack densities. While
the average EC value of the process or mixing water for the
paste material was 1.66 mS/cm, the average EC value of the
paste layer seepage water was measured as 3.36 mS/cm. An
approximately double increase was observed in the EC value
after the layers were poured. Besides, it was seen that the
ions in the paste material dissolved at values below pH 7,
and the EC value increased according to the relationship
between the pH and EC values of the seepage waters of the
layers. Figure 18 shows the crack intensity of 11th layer
increased during thewetting—drying process.

As seen in figure 18, the crack intensity of the layer on
the 8th day was obtained as 3.89%, and this value increased
to 6.54% during 117 days of the drying process. Then, the
layer was wetted for 1 day using 180 L of water. After the
wetting process, the crack intensity of the layer increased to
9.21%. Then, the layer was kept drying for 27 days, and this
process increased the crack intensity to 11.20%. Finally, the
layer was wetted and dried periodically for 32 days (wetting
35 L for 1 day and drying for 7 days for four cycles).

After the drying cycle, the crack intensity of the layer
reached 15.49% as seen in figure 5. These results clearly
showed that the amount of water significantly affected the
crack intensity occurred on the layer surface.
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Figure 18. CIF values of 11th paste layer during wetting—
drying cycles

3.4. New Technologies on Mine Process Tailing Disposal
(Comparasion of the new methods based on Cost) [8]

Tailings are formed as a result of mine processing. When
these tailings are left in an environment in an inappropriate
manner, they create a danger against the environment and
human health. Therefore, the safe disposal of mine tailings
above the ground is environmentally quite important. Today,
tailing dams are generally used in the disposal of these mine
tailings. However, this method has many environmental
disadvantages such as acid mine drainage (AMD), heavy
metal mobilization etc. For this reason, the use of alternative
methods such as surface paste tailing disposal or geotextile
methods are gradually increasing in the world. In this study,
the advantages and disadvantages of the surface paste tailing
disposal method and tailing disposal method using geotextile
material compared to the traditional tailing dam method were
evaluated in detail, and, the costs of these three methods for a
typical Pb-Zn mine establishment were compared. The cost
items for each of these tailing disposal methods are presented
in table 3. The operation and capital costs of 3 methods are
shown in figure 19.

Table 3. Cost items of the tailing disposal methods

Tailing dis-

posal using
geotextile
material

Surface
paste
disposal

Cost Tailing
dam
Dam con-
struction

Pump
Pipe
Thickener
Silo
Mixture
tank
Land tax
Energy
consumption
Labour
Maintenance
Cement
Flocculant
Geotextile
tube
Land cost

X

XX

Capital
cost

Opera-
tional
cost

X XXX X X X X XXX

X X X+ XX X X

X

As also seen in figure 19, total costs of the tailing dam
and the surface paste disposal methods were calculated as
~14,000,000$.
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Figure 19. Operation and capital costs for the 3 methods

In the case of cement, it is used for the surface paste dis-
posal method, the operation cost rises from ~9,000,000$ to
~12,000,000%, and this makes the calculated total cost of
~17,000,000% to be higher than the total cost of the tailing
dam method. As more tailing disposal areas are needed for
the tailing dam method, a higher capital cost is in question
when compared to other methods. However, the operation
cost is lower than in other methods. While the capital costs
for the tailing disposal using the geotextile material method
is lower than that of the other methods with ~1,000,0003, the
operation, and thus the total cost of this method is quite high
with ~46,000,000% because of the high cost of the geotextile
tubes.

The analysis indicated that the unit costs of the tailing
dam, the surface disposal method, and the geotextile method
were calculated as 2.25 $/ton, 2.29 $/ton, and 7.39 $/ton,
respectively (Figure 20). However, the unit price of surface
paste disposal method become 2.79 $/ton when cement was
used. The higher cost of the unit price of the tailing disposal
method using geotextile method was attributed to the high
cost of geotextile material.
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| I

Geotextile

Unit Cost ($/Tonne)
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=)

Surface paste disposal ~ Surface paste disposal
(with cement)

Tailing dam

Figure 20. The results of the cost analysis

3.5. Field Properties and Performance of Surface Paste
Disposal [1]

Recently, the detailed study about utilization of flotation
tailings for the application of SPD has been carried out at
Mining Engineering Department, Istanbul University, Tur-
key. In this study, firstly, in order to simulate the field dis-
posal conditions and testing of the layer configurations, a
unique laboratory-scale test cabin seen in figure 21 was used
for the experiments. The length, width, and height of the test
cabin are 200 cm, 70 cm, and 50 cm, respectively. The sides
of the cabin are made of a transparent material of plexiglas to
provide sufficient visibility. The bottom of the test cabin was
covered with a geotextile filter to prevent material loss and to
allow seepage for the sampling.
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Figure 21. laboratory-scale test cabin

It was planned to apply different set-ups in the test cabins
to determine the optimum design layout by testing several
SPD configurations in terms of the important parameters
which affect surface paste disposal method.

Set-up 1 was the test cabin consisting of completely
uncemented paste tailings which poured layer by layer. This
set-up was used to compare other test cabins where different
configurations were tried. Set-up 2 was the test cabin where
first layer consisted of cement by the weight of 2% of the
amount of solid, and remaining layers consisted of the paste
tailings with uncemented. The solid-water ratio of the sample
for each set-up was adjusted as the slump value of 10” (250
mm). With this test configuration, it was planned to make the
alkaline level of the first layer increase, and hence to prevent
the mobilization of heavy metals into groundwater. Also, the
cement used as a binder in this set-up increased stability of
the paste materials while strengthening the bonds between
the particles. The cement as a binder is one of the important
parameters increasing the cost of this process. Meanwhile,
how reducing the cement ratio in the binder affects the pro-
cess will also be investigated. Each set-up has 11 layers with
4 cm in height of each layer. During the setting up of the
layers, next layer is cast on the previous layer after the com-
pletion of the drying period of that layer. Depending on the
temperature and humidity conditions in the laboratory, dry-
ing period was chosen as approximately 7 or 8 days. Also, all
of the layers must have an equal drying period. Oxygen,
matric suction, volumetric water content, and temperature
sensors were placed on the first, fifth, and tenth layers. The
sensors and their ancillary equipment are seen in figure 22.

Figure 22. Sensors and data logger (a) Decagon 5TM moisture
and temperature sensor (b) Decagon MPS-1 dielectric water poten-
tial (suction) sensor (c) Apogee SO-100 & 200 Series oxygen sensor
(d) Decagon Em50 Datalogger Decagon DataTrac3 Software
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3.6. Determination of The Optimum Design Parameters
of Pb-Zn Mine Tailing Dam Using 2D Modelling [9]

The most common tailing disposal methods are tailing
dams. The physical stability of tailings stored in tailing dams
is very important. The accidents in tailing dams are an im-
portant part of environmental events that have taken place in
mining operations. It has also a cost in the mining activities
of tailing dams. It is very important to plan the tailing dams
economically and safely (Figure 23). In this study, appropri-
ate numerical modeling for different scenarios for the tailing
dam was carried out considering the capacity, geographical
conditions, geomechanical properties and geometry of the
present state of a Pb-Zn tailing dam. In the created models,
the areas of the overhead sections are considered as the unit
cost of the dams and evaluated together with the safety coef-
ficients. It was observed that limit slope angle is 40 degrees
for the downstream tailings dam, and it is about 38-39 de-
grees for the upstream tailings dam. It was seen that the vol-
ume of downstream tailing dam is ~3.5 times higher than the
cross-section area of upstream tailing dam for the same safe-
ty factor Figure 24).

Impoundment

Figure 23. The design, construction steps and materials of the
downstream (left) and upstream (right) dam
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Figure 24. The relationship between slope angle and maxi-
mum displacement

3.7. Determination of Optimum Mixture Ratios of Paste
Backfill Materials for Disposal of Mineral Processing
Tailings [10]

In recent years, use of mineral processing tailings as a
paste backfill has been significantly increased due to the
environmental problems occurred during the disposal of the
tailings in mine area. The paste material used to fill the
stopes excavated is generally consisted of tailings (solid
ratio: 70-85%) and cement (3-7%w/w). Meanwhile, the
strength of the paste material is completely related to ratios
of these materials. Cemented Paste Backfill (CPB) system is
used as support depending on the roof pressure and also as an
underground disposal method. Therefore, temporary strength
value of the paste material gains a great importance. For
example, the paste backfill material must compensate the
minimum 4 MPa strength value in order to procure the per-
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manent fortification, and the mixture cost must be minimal
as well. For this reason, in this study, the Pb-Zn tailings were
used to prepare for the paste backfill material using cement
in order to perform the uniaxial compressive strength (UCS)
tests. Additionally, a statistical experimental design and
linear programming techniques was used to find the optimum
mixture in terms of strength and cost. The pulp solid ratios
(PSR) of the tailings and cement (by the solid) were varied as
75-85% and 3-8%, respectively. The results of this study; the
optimum mixture is ~79.5%PSR and 6.8% cement ratio (by
the solid) for 4 MPa UCS (28 day) and 16-17 cm slump
value determined by this method with statistically reviewed
experimental data. In this study, uniaxial compressive
strength and slump tests were performed on paste materials
prepared in different mixing ratios. These test results are
given in table 4.

Table 4. Uniaxial compressive strength and the slump test re-
sults of the mixtures

Mix UCS (7th Days) UCS (28th Days) Slump
No MPa MPa
1 1.16 171 3
2 1.08 1.6 3
3 0.56 0.92 17
4 1.13 2.07 15
5 0.5 0.82 23
6 0.72 2.28 225
7 0.82 151 1
8 0.93 1.76 1
9 1.09 1.96 1
10 0.66 1.78 28.5
11 1.2 3.2 28
12 1.67 4.1 1
13 1.39 2.89 1
14 1.45 3.85 16
15 0.4 0.72 28.5
16 121 2.72 3

As can be seen from table 4, changes of the compressive
strength and slump results of the paste material is prepared in
different ratios are quite compatible. The mixture numbered
12 gave the maximum value in terms of compressive
strength. As a result of the statistical analyses performed as
part of this study, the effect of different mixing ratios on the
compressive strength and slump properties of the paste mate-
rial were determined, and empirical formulas were developed
to be used in estimating these properties.

3.8. Use Of Geotextile Filtration System (Geotube®
Technology) For Dewatering And Disposal Of Mineral
Processing Plant Tailings [11]

The aim of this study was to investigate the use of Geo-
tube® technology of TenCate in dewatering and disposal of
mineral processing tailings obtained from the Pb-Zn flotation
plant in Turkey. In this purpose, the dewatering process was
performed using Geotube® Cone Test set-up. The floccula-
tion experiments were carried out using four commercial
flocculants (Drewfloc270, Amerfloc487, Praestol1857BC,
and Perform Pk2325). The experiments were carried out at
20% solid ratio in pulp. The results showed that 99% of the
particles were trapped in the Geotube® system, and the tur-
bidity value of the discharged water was very low. Addition-
ally, after the process, the solid contents of the samples were
about 65%. The results also indicated that the optimum floc-
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culant type and dosage was found to be as Drewfloc 270 and
200 gft, respectively. Based on the results obtained from this
study, it can be concluded that the Geotube® technology can
successfully be used for dewatering and disposal of mineral
processing tailings.

The study was firstly performed using Geotube® Cone
Test set-up (GCT) (Figure 25).

Figure 25. Geotube® Cone Test steps (a) conditioning (b) fil-
tration (c) cake formation

The tests continued to investigate the effect of the floccu-
lant dosage on the filtration process using the Geotube®. In
this purpose, Drewfloc 270 which is the best flocculant so far
was chosen for these studies. The flocculant dosages were
varied between 25 g/t and 200 g/t. Table 5 shows the results
of these tests. As seen from table 5, the amount of solid
passed through the Geotube® filter decreased with the in-
crease of the flocculant dosage. Figure 26 clearly shows this
trend which the filtration process affected particularly at 50
g/t of the flocculant dosage.

Table 5. Results for GCT as a function of Drewfloc 270

Amount of solid

Dé)s/etl)ge Moisture passed through Rgggf/eerr
g (%) Geotube® y

(%)

(9

No floculant 23.20 64.7 94.1

25 32.09 17.8 88.1

50 34.46 2.6 84.1

100 35.59 0.5 84.2

200 33.28 0.1 84.6
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Figure 26. Results for GCT as a function of Drewfloc 270
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For example, the number of solids decreased drastically
after this dosage, and reached a plato which indicates that the
optimum dosage must be higher than 50 g/t. Therefore, the
optimum dosage was chosen as 200 g/t due to the minimum
number of solids, and the size of the flocs.
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Tay-keH eHaipiciHaeri TYypakTbl OHAIPICTIH KAHA TEXHOJOTUIIAPBDI.
KanaabpikTapabl 0ackapy sKoHe Tay-KeH XMMMSIChI

A. Bamerun”, C. Tyiiny, JI. Ansirysens
blcmambyn mexnuxanvix ynusepcumemi, blcmamoyn, Typxus
*Koppecnonoenyus ywin asmop: atac@istanbul.edu.tr

Anpgarna. [InkizaTka JereH KaKeTTUTIKTIH apTysl MEH Tay-KeH OHIIpICiHIH YIIFalobiHa OalIaHBICTHI QJIEM/IE JKBUI CalbIH
MIUTMOH/IaFaH TOHHA KaJJabIKTap Ty3utedi. KaiabIKTap MaHbBI3[bl HSKOJOTHSUIBIK [poOiIeManapabl TYIBIPYbl MYMKIH.
CoHIBIKTaH KaJABIKTapAbl Oackapy Tay-KeH OHHIpiCiHAe eTe MaHBIRIB Macene Ooibin TaOblIamsl. COHFBI KBIIIAPHI
TEXHOJIOTHSIHBIH JIAMYBIMEH IacTa JKOHE I'€OTEKCTHIIbAI MaTepUallIapbl MailanaHy CHSKTHI KaJIbIKTapAbl XKOIOJIBIH JKaHA
TEXHOJIOTHSLIAPBI alTapIbIKTall ocTi. Byl oicTep SKOMOTUSUIIBIK JKaFbIHAH J1a, IIBIFBIHAAP/bI a3aiTy KarblHAH Ja KOITereH
apTHIKIIBLIBIKTapFa ue. Tay-KeH eHepKaciOiHer] TaFbl O1p MaHBI3/Ibl MaCeIe — )KEPacThl KOMIp [IaxTalapblHIAFbl araTTap MeH
KociOM JieHcay Ik MmpobiieManapel. Macesenepai e3/irineH KaHy, MAaThIPAbIH KyJIaybl, KOMIp Ka0aThblHAH Ta3 aixy jKoHE T.0.
Jien cumaTTayFa Oonamel. Byl amarrap jkepacThl NIaxTajapbiHIAa Tay-KeH XUMHUKATTAPbIH KOJIIAHY apKbUIBI alTapibIKTai
TeMeHeni. byn 3epTreyae Tay-KeH eHIIpICi TYPFBICBIHAH ©Te MaHbI3/bI OOJBII TaOBLIATHIH KAJJIBIK KOWMACKl KoHE Tay-KeH
XUMHKATTapbl KAPACTHIPBLIAIBI.

Hezizzi co30ep’. Kanovlk KoUManapsl, may-Ken oHOIpici, Kar0blK KOUMAachl, May-KeH XUMUKAmMmapbl, Jcepacmovl KeHiumepi.

HoBpble TeXHOI0rMH YCTOMYMBOTO NMPOU3BOIACTBA B TOPHOA00BIBAKOIICH
NPOMBIIJIEHHOCTH. YIIPaBJeHHe XBOCTOXPAHWIHILAMHU U
TOPHOA00bIBAIOIIIHME XUMHUKATBI

A. Bamerun”, C. Tyiiny, JI. Ansirysens
Cmambynvckuil mexnuyeckuil yhusepcumem, Cmamoyn, Typyus
*Aemop ons koppecnonoenyuu: atac@istanbul.edu.tr

AnHoTanus. ExxeromHo B Mupe 00pa3yroTCs MIJUIMOHBI TOHH XBOCTOB B CBSI3H C YBEIMYCHUEM JOOBIUHN ITOJIE3HBIX UCKO-
MaeMBIX HapsAy C YBEIIMYCHUEM IOTPEOHOCTH B CHIphE. XBOCTHI MOTYT BEI3BaTh CEPhE3HBIC SKOJIOTHIECKHE TTPOOIeMbl. Takmm
00pa3oM, ympaBJieHHE XBOCTOXPAHHJIHMIIAMH SBISCTCS OYEHb BaKHBIM BOIPOCOM IPH MOOBIYE ITOJIE3HBIX HCKOMAaeMbIX. B
MOCJIEAHUE TOJbl, C PAa3BUTHEM TEXHOJIOTUH, 3HAUYUTENILHO PACIIMPUIUCh HOBBIE TEXHOJOTHM YIAJIEHUsI XBOCTOB, TAKHE KaK
racTa ¥ UCHOJIb30BAHNE TEOTEKCTIIIFHBIX MaTepPHaloB. DTH METOIbI HIMEIOT MHOTO MIPEUMYIIECTB C TOUKH 3PSHUS KaK 3aITUTHI
OKPYXAroNIeH cpesbl, TaK U CHUXKEHUsI 3aTpat. pyroi BaxxHOU MpoOiIeMoi TOPHOJO0OBIBAIOIIECH MPOMBIINIEHHOCTH SBJISTFOTCS
HECUYaCTHBIE CITy4aHl U MPOOJIEMBI CO 3I0pPOBREM Ha MPOM3BOJCTBE B MOA3EMHBIX YTOJBHBIX ITaxTax. [IpobieMbl MOXXHO oxa-
PaKTepU30BaTh KaK CaMOBO3TOpaHUe, OOpyIIEHHE KPOBJIH, BBACICHNE Ta30B U3 YTOJBHOTO IUIAcTa M T.J. DTH aBapuH 3HAUYH-
TEJIBHO COKPATHWIINCH OJ1arofapsi UCIOJIb30BAaHUIO TOPHBIX XUMHUKATOB B MOA3EMHBIX IIaXTax. B 3TOM McciiegoBaHUM paccMar-
PHUBAIOTCS yIpaBIEHHE XBOCTOXPAHMWIMIIEM W XMMHUYECKHE BEIIecTBA I JOOBIYM IMOJIE3HBIX MCKOMAeMbIX, KOTOPhIE OYEHb
B)XHBI C TOUYKH 3pEHHS IPUMEHEHNUS B TOPHOAO00BIBAIOIIEH ITPOMBIIUICHHOCTH.

Knrwouegvle cnoea: xeocmoxpanunuwa, npumenenue 8 2OpHbIX pabomax, ynpaeienue X60CMOXPAHUNUWAMU, 2OPHO-
Xumuyeckue npooyKmol, NOO3eMHbLE PYOHUKL.
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