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Abstract. For fire prevention Polish hard coal mining has used mixtures of ash and water
liquidshilts made on the basis of fine-grained energy wastes, which task is to fill free spaces by
minimizing the possibility of oxygen access from mine air. The hydromixtures is prepared in
surface mixer installations and gravitationally transported by a pipeline system to underground
workings. Considering the availability of fine-grained energy waste in the immediate vicinity
of hard coal mines, it should be assumed that this type of fire prevention will be successfully
used in the future. The effectiveness of this method depends primarily on the efficiency and
optimal operation of the mixing plant. The paper presents the evolution of mixing systems used
in the last decades in hard coal mines with the division into generations, as well as the
prospective directions of their development.

1. Introduction

Exploitation of hard coal in Poland is inseparable from the occurrence of many threats. One of them is
the threat of endogenous fires arising in the caving goafs created after the exploitation of the longwall
system. The reason for these fires are coal residues, which are often in contact with oxygen in the mine
air and heat up and, after a while, they become a process of slow burning. One of the methods of
limiting this type of threat is the use of fire prevention consisting in introducing into the cavity space
hydraulic ash and water hydromixtures using gravitational hydraulic transport in pipelines. The flow
of water jets in this type of installations is a self-steering process. This means that flow parameters
such as performance or hydrotransport velocity result mainly from the spatial layout of the installation
route, in particular from the ratio of its length to the difference in the height of the inlet and outlet
from the installation [1, 2, 3]. In addition to the shape of the pipeline route, hydrotransport
performance is also affected by the parameters of the water mixtures, such as the density and viscosity
resulting from the proportion of water to fine-grained material (fly ash). If the pipeline route is shaped,
as the ratio of its length to the height difference of the inlet and outlet increases, the flow parameters of
the backfilling mixture decrease, which results from the drop in the flow velocity. To ensure stable
flow conditions of the mixture, the installation should be characterized by the so-called correct
hydraulic profile, i.e. in which the pressure height line does not intersect the hydraulic profile of the
installation [2]. Otherwise, the flow of the mixture in the installation is disturbed and in the extreme
case it is impossible. The standard parameter defining the consistency and the "transportability" of a
liquid mixture is pourability [4]. On the basis of practical experiments and multiple measurements
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verified both in laboratory and industrial conditions, it can be stated that mixtures intended for
caulking gullets (voids characterized by small dimensions) should have spreading in the range from
180 mm to 220 mm, and mixtures intended for filling voids of large dimensions, especially those
having the character of a self-extinguishing filling, should have a smaller leveling in the range from
140 mm to 180mm [5].

Increasing the level of the mixture is achieved by increasing the proportion of water in the mixture.
The effect of increasing the proportion of water in the mixture is to reduce the concentration of solids
in the mixture, reduce the density of the mixture, lower the viscosity, and increase the setting time,
deteriorate the strength properties of the solidified mixture, and in extreme cases even the loss of
solidification. From the point of view of hydrotransport, the mixture with lower concentration of solids
ensures lower resistance of flow in the installation, and thus provides higher flow velocity and a
greater range of transport - which is important especially in the case of a significant horizontal
distance of works from the filling shaft or a small level difference between the surface and the place of
carrying out the filling works. In the caving goafs, the mixtures with the greater leveling provide
greater penetration and better filling of the goaf, especially in the case of small porosity [2, 4].

On the other hand, the high leveling mixture contains a much larger amount of water than can be
bound by fly ash contained therein, which drains into underground workings and additionally charges
the mine drainage system. Therefore, the most important element in the correctness of carrying out the
process of hydraulic fluid handling and transport is an exact mixer system that performs a mixture of
water with specific rheological parameters [1].

2. Characteristics of the hydrotransport gravity installation

Currently, suitable gravity hydrotransport installations on hard coal mines in Poland are used to make
hydraulic backfill or hydromixtures of ash and water. The hydraulic stowing is a mixture of water and
sand with the possible addition of crushed gangue and its main purpose is to protect the surface from
the effects of underground mining on the surface. The hydraulic stowing can also be used for making
filling jacks and eliminating headings[2, 6]. Currently, due to the lack of longwall excavations using
hydraulic backfilling, this direction of gravity installations should be considered historical and non-
development and is not analyzed in the paper.

The second direction of the use of gravity installations is the production of ash and water mixtures
in them, which are the material for such mining technologies: fire prevention, reconstitution of caving
goafs, liquidation of excavations, making jacks, solidified fill. The basic materials used in such
installations are fine-grained energy wastes, coal slimes and flotation wastes. The efficiency and
correctness of the operation of the mixing and pipeline transport system depends on the following
elements [4]:

e limited hydrotransport coverage (length of the route),
the level of homogenity of the mixture,
dosing accuracy of ingredients,
minimization of dewatering,
the possibility of dosing and mixing of different fine-fraction waste.

Most of these elements are associated with the mixing system used in the surface part of the
installation, therefore the method of dosing and mixing individual components is the key from the
point of view of the process correctness. In the last few decades, mixing installations producing fine-
grained liquid water mixtures have evolved from the simplest, to a very small extent, controllable
mixing systems, to the currently highly advanced dosing, monitoring and mixing systems realized with
the use of full industrial automation. Table 1 shows the development of mixing plants for fine-particle
materials with water over the last decades divided into generations.
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Table 1. The evolution of mixing systems of fine-particle materials in recent decades in Polish hard

coal mines.
Pipe Automation,  Feeding with
Generation  Mixer type Feeding to pipeline diameters  sensorisation,  fine-grained
(mm) dosage material
Flow gravitationally
I (tubular, through the wash 185 No full Tank trucks,
counter hopper of the hydraulic control rail tankers
current) filling plant
Gravitational through:
flow - the wash hopper of
. . Tank trucks,
I (tubular, the hydraulic filling 185 No full rail tanikers
counter plant control S )
T torage silos
current) - to a pipeline led out to
the surface
Shaft Manual water Ta;l;lgl:;ks,
One- Pumping through an 185 con trol, tankers in
I and two-shaft . . visual .
. intermediate tank . cooperation
mixers Workings  assessment of th
150 density Wt
retention silos
S&asﬁ Automatic
One- Pumping through an 150 dosing
v and two-shaft  intermediate tank or control based Retention silos
mixers directly Workings on the
densometer
150
Duo
installation. Variable layout: Shaft Full
. . . 185 measurement  Large storage
Combined - feeding the hydraulic . o
. . 150 automation:  retention silos,
A% fine-grained backfill by gravity .
. - density surface storage
and sand - a fine-grained .
. . Workings - flow rate of sand
mixing mixtures by pump
150 - pressure
system

3. Mixing systems of fine-particle materials with water
Among the used systems of mixing dry fine particles with water can be distinguished:
e counter-current,
o flow,
o flow with the use of a rotor pump,
e special mixers using a feed pump.

3.1. Counter-current mixing system

One of the first systems of mixing fine-grained materials with water in order to obtain a hydromixture
was the so-called mixing system. "Counter-current” or "direct" (figure 1). The fine-grained material
(fly ash) was pressed directly in a pneumatic way using compressed air from cement cars or cement
wagons to the inlet of the transport pipeline with simultaneous water supply. Pre-mixing occurred at
the point where the dry material meets the water and then the mixing process proceeded during the
flow in the transport pipeline. Such a mixing system was characterized by low emergency design and a
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simple operating principle. The basic disadvantage of this system was the lack of possibility to control
the density and level of homogenisation, and the efficiency of work depended only on the experience
of service staff. The guarantee of trouble-free operation of the installation was the administration of
significant quantities of excess water to underground workings. An additional disadvantage was the
feeding of significant amounts of air into the pipeline, which disturbed the laminar flow of the water
mixtures, causing pulsation and hydraulic impacts during the flow in the pipeline.

Fly ash Water

\ /)

<4— Mixture

Figure 1. Counter-current mixing system.

3.2. Flow mixing system

Another type of mixing systems used is a flow mixer, whose cross-section and view was shown in
figures 2, 3 and 4. The operating principle of the mixer consists in feeding the dry material (fly ash)
pneumatically from cement cars or cement wagons directly to the mixer. In the mixer, the ash flow is
through the perforated section of the pipe through which the water under pressure in the outer coat of
this section gets. The mixing takes place on a longer road than in a counter-current mixer and the
outgoing hydromixture has a homogeneous character immediately after leaving the mixer. The
efficiency of the mixer depends on the pressure of the feed water and the amount of pneumatic

delivery of dry fly ash.
Fly ash

b

Water

Mixture
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Figure 2. Flow mixer using a water coat.
Increasing the efficiency of the hydromixture feeding is realized by parallel installation of several
sets of such a mixer as in figure 3. This solution allows simultaneous unloading of several cement cars
or cement tanks.
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Figure 3. Built-up set of four flow mixers.

The main advantage of this device is its mobility and simplicity of design, which allows its use also
in field work. The example of this application can be liquidation by filling with fine-tuning
hydromixtures surface sites as in figures 4 and 5.

Figure 5. Place of feeding of fine-grained mixture to the surface.
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3.3. Flow mixing system using an impeller pump

In the case of using a mixer installation away from the place of feeding to the vertical part of the
pipeline installed in the gravity transport shaft, it is necessary to mix and pump the liquid mixture. In
this case, mixer systems equipped mostly with rotary pumps adapted for hydrotransport of granular
materials of the PH or HC series are used (figure 6). This solution allows for a high degree of
homogenization of the water mixtures, reduction of the amount of excess water, obtaining a high-
density consistency and the use of components dosing control systems.

Water
Mixture

T

< Fly ash

Pump

Figure 6. Mixer system using a rotary pump.

3.4. Special mixer system using a feed pump

The currently built installations for small-fraction hydromixtures are based on ensuring the appropriate
quality of the produced water mixtures in terms of density, consistency and minimization of excess
water. In addition, these installations are based on the addition of dry material to the mixer from
retention tanks and not directly from car tanks or wagon cisterns.

Such systems ensure:
accuracy of homogenisation of the mixture,
dosing accuracy of ingredients,
the possibility of using process automation,
reduction of operating costs of the installation,
rational water management,
the ability to create mixtures for current technological needs,
low investment costs for container installations,
elimination of a significant amount of air from hydromixtures in comparison to flow
installations.

The system operation process is divided into two stages: the mixing stage and the feeding stage for
the hydrotransport pipeline. The mixing system is based on a high-efficiency mixer, usually with
screw construction, working in a continuous cycle. The ready-mixed liquid mixture coming out of the
mixer is usually stored in a storage reservoir before it is injected into the transport pipeline. The
feeding system is equipped with a screw pump or a rotor pump that draws in a hydromixture from the
retention tank and feeds it into the transport pipeline. The use of a retention tank allows to eliminate
disturbances in the operation of the installation due to the different efficiency of the mixer and the
pumping system. Examples of such an installation are shown in figures 7-9.
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Figure 7. Retention tanks for fly ash.

Figure 9. Hydromixture’s retention tank.

The use of mixer systems with the use of feed pumps allowed for full automation of the dosing
process and preparation of fine-grained hydromixtures with the possibility of building such a plant in
field conditions as shown in figures 10-13.

Figure 10. View of the local mixer Figure 11. Installation control and monitoring module.
installation.
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Figure 12. Elements of the mixer and Figure 13. The virtual model of cement tank
feeding system. unloading station.

4. Future installations for the preparation and transport of two-phase hydromixtures

As mentioned in the introduction of the paper, installations making hydraulic backfill made of water
and sand as well as grained coarse material such as mine stone are now in liquidation or used to a
negligible extent mainly for the liquidation of corridor workings. However, this can be implemented
only in the mine areas with access to such installations. Considering the cost of building such an
installation, one should not expect such an investment in the coming years. An alternative solution is
to combine a mixer installation of fine-grained materials with a mixing system of water and grained
coarse material to form a so-called mixer "Duo-installation". The first such concepts and projects have
already been created and will be implemented in the coming years. Below, in figures14 and 15, a
model of such an installation is shown which is divided into two modules.

The first duo-installation module that produces fine-grained liquidshare is equipped with the
following basic elements:
storage silos for ashes,
ash transport system from silos,
ash buffer tank,
mixing system, along with the metering and ash feeding system,
buffer tank for the mixture,
mixture pump,
hydraulic installation for feeding the mixture.

The second module of the duo-installation for the production of a water-sand mixture is equipped
with the following basic elements:
sand storage yard,
sand bunker,
sand screen,
dispenser belt feeder,
conveyor belt,
sand washing station.

The principle of the functioning of such a duo-installation consists in the daily work of the module
for preparing fine-grained hydromixtures for fire prevention, while the use of the hydraulic filling
module will take place periodically, eg in the case of the need to quickly build a filling jack separating
or insulating the fire region.

The capacity of the duo-installation can be estimated today for the production capacity of ash-water

mixtures at the level of 120-200 m*/h, and the production capacity of the water-clay mixture up to
300 m*h.
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Figure 15. The view of the duo-installation model from the side of the sand storage yard.

5. Summary
Mixing installations for the production of fine-grained hydromixtures have been successfully used in
Poland for several decades, mainly for sealing the infestations of active walls in the framework of fire
prevention. The produced hydromixture is transported by pipelines using gravity feed systems, and its
flow parameters are mainly influenced by such factors as: the ratio of its length to the difference in
inlet and outlet height from the installation and density and viscosity of the water mixtures due to the
proportion of water to fine-grained material (fly ash). From the point of view of hydrotransport, the
mixture with lower concentration of solids ensures lower resistance of flow in the installation, and thus
provides higher flow velocity and a greater range of transport - which is important especially in the
case of a significant horizontal distance of works from the filling shaft or a small level difference
between the surface and the place of carrying out the filling works. On the other hand, the high
leveling mixture contains a much larger amount of water than can be bound by fly ash contained
therein, which drains into underground workings and additionally charges the mine drainage system.
The first countercurrent and flow type mixing installations presented in the paper are characterized by
the simplicity of operation and service, however, the hydraulic liquid from them contains a significant
amount of excess water, which increases the costs of its service and significantly impairs the mine's
drainage system.

Mixer systems introduced in recent years equipped with mixers supported by impeller pumps or
feed pumps allowed for full automation of the mixing process as well as the dosing system of
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individual components ensuring the assumed parameters of the mixture in terms of consistency and
density as well as flow parameters in the pipeline. The future of mixer systems is their version of the
so-called "Duo" also includes the function of making a fine-grained mixture and a backfilling mixture
made on the basis of sand and fine mine stone. An example of such a solution is presented in p. 4 of
the paper. Such an installation can have a range of applications in various mining technologies, such
as:

caulking caving goafs,

making jams and backfilling,

liquidation of excavations with backfilling material and binding material,

fast insulation of fire fields especially important in mines exploiting coal that is self-igniting.
The concept of duo-installation presented in the paper has the following advantages:

accuracy of homogenisation of the mixture,

dosing accuracy of ingredients,

the possibility of using process automation,

reduction of operating costs of the installation,

rational water management,

the ability to create mixtures for current technological needs,

low investment costs for container installations,

elimination of a significant amount of air from hydromixtures compared to flow installations,
low investment costs of the module for making the water-sand mixture compared to the costs
of constructing a classical backfilling plant.
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