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THE SAFETY OF VALEA SALISTEI TAILING DAM

SIMONA TODERAS"

Abstract: The Valea Salistei tailing dam was built within the scope of providing the
mechanical cleaning of pulp waste water issuing from the Gura Rosiei processing plant, having
as goal the replacement of the old tailing dams, which presently are in preservation state. This
tailing dam is a hollow type dam, initially designed to be developed through the hydro-
cycloning technology. Due to several inconveniences encountered in the hydro-transportation
system, the lack of hydro-cyclones and other practical drawbacks, the dam could not operate
using the envisaged technology and, consequently, the standard exploitation was applied, based
on upward progression and downward compartment filling, the last one being scheduled for the
roughage sterile fraction, issued as a by-product of the hydro-cyclones’ operation. The
intensive use of this compartment, related both to the waterproof character of the dam’s sink
and tp inadequate development of sewage drains, lead to increased hydrostatic levels within the
deposit, outcroping in the upward ramp, above the tailing dam’s initiation dam. The stability
calculus outlines that the Valea Salistei tailing dam from Rogia Montana is having a low value
geo-mechanical stability degree. It appears a certain hazard level that, if several dynamic
elements are induced, the dam’s body to diminish his shearing strength and, finally to totally

loss his stability, leading to a both human and ecological disaster.

Key words: tailing dam, stability, safety, ecological disaster,

1. THE VALEA SALISTEI TAILING DAM’S CHARACTERISTICS

The Valea Silistei tailing dam (see figure 1), developed in order to provide the
mechanical cleaning of the pulp waste water issuing from the Gura Rosiei processing
plant, having as goal the replacement of the old tailing dams no. 1, 2 and 3, which
presently are in preservation state, is a hollow type dam, initially designed to be
developed through the hydro-cycloning technology, being located on the valley having
the same name — Valea Salistei.
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Due to several inconveniences encountered in the hydro-transportation system,
the lack of hydro-cyclones and other practical drawbacks, the dam could not operate
using the envisaged technology and, consequently, the standard exploitation was
applied, based on upward progression and downward compartment filling, the last one
being scheduled for the roughage sterile fraction, issued as a by-product of the hydro-
cyclones’ operation. The intensive use of this compartment, related both to the
waterproof character of the dam’s sink and to improper development of sewage drains,
lead to increased hydrostatic levels within the deposit, the outcrop reaching in the
upward ramp, above the tailing dam’s initiation dam.

Minvest taflings near oid plant

Minvest Saliste tailings

Figure 1- General view on Valea Salistei tailing dam.

In order to control the weeping effect, the dam’s downward ramp slope was
decreased, the pulp water overflow time lapse was diminished and a rock mass ballast,
having filtering purpose, was disposed at the dam’s bottom, aiming to block the hydro -
dynamic entrainment generated by exfiltrations.

After only a few tears of operation, the two compartments have jointed,
resulting a slope angle of 16°, providing a higher stability level for the whole dam.
The physical and chemical characteristics of the hydraulic mass and chemical and
physical properties of the gangue filling material disposed in the dam’s body are given
in table 1.

Table 1- Physical and chemical characteristics of the hydraulic mass filling material
composition

Characteristic U.M. Value
0 1 2 3
Solid-liquid ratio - 1:55
Physical and chemical Specific density t/m’ 1.12
characteristics of the pH - 6-175
hydraulic mass disposed Tron mg/l 0.02
in the tailing dam Calcium mg/l 0.01
Sodium mg/l 0.01
) ) Sulphur % 0.27
Physma@ gnd chemical Sulphur dioxide % 72.35
composition of the . Aluminium tri-oxide % 11.97
gangue filling material =
disposed in the tailing Iron % 097
dam Iron oxide % 0.09
Magnesium oxide % 0.25
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Calcium oxide % 0.94
Manganese % 0.10
Arsenic % 0.09
Physical and chemical Sodium oxide % 0.45
composition of the Potassium oxide % 9.80
gangue filling material P,0s % 0.01
disposed in the tailing Vanadium % 0.0012
dam Titanium dioxide % 0.45
PC % 2.0
Gold % 0.5-0.6
Silver % 6.3—8.8

The Rosia Montana tailing dams no. 1, 2 and 3 are presently, as mentioned
before, in preservation and practically they are connected each to another. These three
dams are flank dams combined with plain ones; the ramp slopes varies between 1:1,4
and 1:2. The granulometrical structure of the disposed material consists in: 79 % sands,
from which 32 % rough sand, 14 % dust and 7 % clay. When material is disposed in
the tailing dams, it occurs a separation between the several centimeters thick sand
layers and the several millimeters thick dust and clay layers, which actually are heavily
permeable layers; in a general manner, as studies have proven, water is maintained on
the side face. The dam’s general stability is adequate, no landslides being registered
until the present day. The coverage degree with natural vegetation on the slopes and
ramps of no. 1 tailing dam is of about 30 %. On the adjacent dams, namely dams no. 2
and 3, the spontaneous installed vegetation appears rather seldom, so the site has a
pronounced moon - like perspective, mainly duet o the erosion generated by rainfall
streams.

2. STABILITY ANALYSIS FOR THE VALEA SALISTEI TAILING DAM

The last reliability and stability assessment of the Valea Salistei tailing dam
from Rosia Montand, was done in April 2002, following the document entitled
Methodology concerning the operational safety state assessment of dams and ramparts
which are developing industrial waste deposits. The assessment was directed to
characterize and check by engineering methods the tailing dam’s and operational
conditions.

2.1. Characterization of the technical and safety conditions of the dam

The Valea Salistei tailing dam, property of RosiaMin S.A. Rosia Montana
Branch, according to STAS 4273-83 is framed in 2-nd class as importance and B
importance category, as being of major importance, according to NTLH-021.
The tailing dam is ranked, in accordance with the methodology regarding the
determination of significance category for industrial waste deposits, as having
assigned a risk index RD = 0.73.
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At the time when the Valea Salistei dam and his dam were conceived and
designed, the legal design statutory requirements were significantly different from
those applied presently. So, if before the tailing dams were conceived with deflector
dams or waterproof dams, the subsequent regulations have stipulated the need of
developing these works by employing permeable mineral aggregates, able, by their
specific drainage capacity, to reduce the depression curve and, in this manner, to
provide stability of the deposit during its operation lifetime.

Despite the fact that the project envisaged the hydro — cycloning technology in
order to dispose the rough fraction waste downward, the development was done with
the height upwards, on both dams,, finally resulting a staggered slope of about 2,5 m
with wastes taken over from the foreshore, this material fullfiling, at least in the upper
talus side, the conditions required for development (see figure 2).

Figure 2- Valea Sﬁlst tailing dam —elevation talus, upper benches.

At the lower section (see figure 3), the talus includes more heterogeneous
material, having a higher fine material content, issued through the lack of enough
decantation length, in the time period when the dam was operated between the two
dams. The waste decantation in the dam takes place by gravity, the bigger particles
settling the first time near the dam, and the fine fraction settles along the dam towards
the outlet system. The solid waste disposal level is 653.4 mdM on the final’s bench
elevation dam and 651.6 mdM on the foreshore.

The resulting limpid water from wastewater settlement, as well as the average
flows of Saliste rivulet upstream from the tailing dam, are taken over by the evacuation
system with reversed well and directed beneath the dam, until they reach the outlet
flank spillway. For high level discharge of the hydrographic basin related to the dam,
the water level, within the hydraulic, screen increases, exceeding the discharge
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capacity of the evacuation system with reverse wells, the overspill being undertaken by
the outlet flank spillway.

Figure 3- Valea Salistei tailing dam —lower benches, with leveling and ballasting operations.

The nominal discharge of this one is of 29 m’/s, and the discharge downward
the dam is provided by the intermediate of a hydro-technical gallery to whom the drain
is connected. Basically, the tailing dam’s stability and reliability is provided by the
geo-mechanical characteristics of the rough fraction cover, existing outside the dam,
the so-called elevation talus. These characteristics are much more advantageous to
stability, if the solid waste material’s diameter is higher and the water level in the slope
is lower, for a given optimum slope angle.

The major problems confronting Valea Salistei tailing dam, are having as basic
generating cause the solid waste deposition between the two dams, cause which
already have induced a series of negative effects, such as:

e the development of a less waterproof talus, while the solid waste did
not settled correctly in the talus area, both the rough and the fine
fractions being deposed;

e the plugging of the initial drainage system existing between the two
dams, system dimensioned to be covered only by rough material,
issued from the pulp wastewater hydro-cycloning process;

e the occurrence of the entrainment of a certain quantity of fine fraction
of solid waste material, from that disposed in the talus proximity,
leading to the need of bench reconstruction with ballast.

The stability studies, carried out on regular basis, have emphasized a

progressive decrease with time for the stability safety coefficient,

according to a corresdaming decrease in piezometric level in the talus.
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This trend is fastened in the last time period. If, in 1997, the safety
coefficient value was 1.55, in May 2002, the value was only 1.112.

2.2. Hydro-geo-technical study

The hydro-geotechnical stability study of the tailing dam represents a tool
having as goal to check-up the safety state, from the stability point of view, imposed
through technical specific statutory requirements and standards for this kind of hydro-
technical developments.

In order to achieve a detailed analysis of the technical state in which the tailing
dam was during the research period, the following activities were carried out:

e surface, visual observations aimed to ascertain the general shape and state of the
tailing dam, the elevation talus slope, the exfiltration area, the dam’s offshore
and the adjacent lands general state, together with the identification of possible
physical and geological phenomena having damaging potential with respect to
the dam’s stability;

e hydro-geotechnical drillings, having as goal the installation of piezometry tubes
and agitated and non-agitated samples collection, required for laboratory test
analysis of constitutive material characteristics;

e research drills at the talus bottom, in areas assessed previously, by geo-electrical
studies, as having serious hazard potential related to structural heterogeneity;

e laboratory tests performed on the samples collected from drill-holes;

o stability computations.

The physical and mechanical characteristics of sterile material samples
available were determined in the geo-technical laboratory and have consisted in
assessing the following parameters: specific weight, porosity, pores index, moisture
content, internal friction angle, cohesion, compressibility modulus, specific settlement
rate and permeability.

These waste material properties were than employed in order to assess the
safety coefficient of the tailing dam, at the given moment admitting the hypothesis that
a ballast drainage prism would be built at the tailing dam’s lower section. The current
activity of safety evaluation consisted in continuous monitoring of water level in
piezometers.

The natural ground on which the tailing dam is located is represented by the
Saliste Valley sides. The right side of the valley, with slopes of 15° - 20°, covered
mainly with grass lands, poorly wooded, is stable. In the openings developed within the
road talus there can be observed the deposits within the ground, consisting in sandstone
schist, having a direction parallel to the valley’s direction and slopes concordant with
the versant, deposits covered with dusty clays. Before this dam’s construction, on the
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right side there were several flank rivulets, some of them with permanent flow, which
nowadays are covered by the tailing dam’s deposits; it is anyway possible that they are
feeding now the talus of the dam. The underground water analyses have emphasized an
identical water composition to the water from the dam’s backside proving that the
water from the dam’s hydraulic screen is feeding the ground water in the versant,
leaking on schistuosity joints. The left side is more strongly inclined, 25° — 35°, with
frequent outcrops of the rocky base, having a reverse incline with respect to the versant
slope, fact that induces a better stability; most of it is strongly wooded. The dam’s talus
is supported on a leg dam, built-up from local materials, such as dusty clays and base
rock fragments, having a poorly permeable character. Above this material, due to
exfiltrations occurred when the dam elevation increased, a limestone cover was
disposed, covering the dam’s top beam and the first elevation benches. Over the
deflector dam, the dam has been elevated through successive benches, built with settled
material. After level 634 m was reached, by exceeding the main dam’s highest level,
the dam surface have increased, achieving a normal decantation and developing an
alluviums sandy foreshore, having widths of about 200 — 300 m, simultaneously with a
hydraulic screen retreat towards the dam’s backside.

The elevation benches are placed above fine material existing in the dam’s
foreshore. The waterproof character of the leg dam, and the high permeability degree
of deposits on which the elevation dams are built, have lead with time to exfiltrations
occurrence. At the beginning, these exfiltrations occurred above the deflector dam,
afterwards the raised on the slope, being associated with solid material entrainment
from the inner side, giving birth to cavities in the talus, reaching 2 m width and depth.
In order of their appearance, the cavities were filled with easily perishable materials,
which in time were fixed with clays, contributing themselves to a further reduction of
talus permeability. Once the talus level exceeded the 617.7 m bench level, the
exfiltration level raised to 628.5 m level. In order to mitigate the expansion
phenomenon, the inferior elevation benches were covered with a ballast layer, until
628.5 m bench level. Even if strong exfiltrations do exist, drenching the lower talus
benches, the expansion process is presently stopped, the upper side being dry, only
with week moisture marks at bench level 640 m. The foreshore level is located under
the top beam, the foreshore width being of about 200 m.

The 4 hydro-geotechnical drill-holes were equipped with piezometers, in
completion of existing profiles, being done in order of assessing the physical and
mechanical parameters of the materials disposed in that area and determination of
hydro-geological conditions. On the lower side of the talus, two more drillings were
carried out, in locations where geo-physical research have emphasized electrometrical
disturbances; these drillings have had as purpose to identify some cavities existing in
the rock mass, as a consequence of the expansion process. Based on laboratory tests
with materials sampled from drillings, the following conclusions have resulted:

o regarding the granulometry, the material sampled from drillings, is characterized
as an average and smooth sand with sandy clay intrusions, where the percentage
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low resistance to the resistor branch. As the IGBT gate control is carried out in
accordance with the proportional pulse principle, the average time of the effective
resistance results from the ratio of dead time and switching time. The designed basic
frequency of 500 Hz and 1000 Hz was selected so that both a safe distance to the mains
frequency is kept and the switching losses via the IGBT are kept at a minimum.

The ECOSS electronic compact starter has the following advantages over the
stepped starter:

- Maintenance is not necessary because there are no step contactors.

- As the starting resistor -R12 is a completely current-carrying resistor; it can
be designed of the same elements by which the number of spare parts is reduced.

- As the starting resistor -R12 is a completely current-carrying resistor; the
temperature of the resistor can be recorded by only one measuring point. This in turn
allows a better utilization of the resistor, so that a more specific prediction whether
another starting process can be allowed or not is possible.

- The cabling of the rotor circuit is clearly minimized.

- This principle enables - within the limits defined by the resistor and the
motor - a continuous closed-loop control of the drive during the start, which allows
closed-loop controls of speed or torque but also a combination of the two.

Fiaure 5. Princinle circuit of a ECOSS electronic comvact starter for slibring rotor

When the drive is equipped with a DC braking, the braking effect can be
optimized by a shift of the characteristic, as shown in Figure 6.
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Figure 6. DC braking - influence of the rotor
resistance

3.1 Dimensioning and closed-loop control

To confirm the calculations regarding the dimensioning of the power-
electronics components and to investigate the closed-loop control behaviour, a test
station using a 4 kW slipring motor was built in the Brandenburg University of
Technology.

Within the framework of a diploma thesis assigned by ABB dimensioning
guidelines and closed-loop control principles were investigated.

During these investigations a change was made from the classical process of
reducing the overvoltage’s caused by the fast switching operations of the IGBT by the
so-called snobber onto an active circuitry. This keeps the overvoltages within a
precalculated range and increases the safety during the dimensioning of the IGBT.

With regard to the closed-loop control, signal flow charts were developed for
speed control and torque control that are based on the measurement of the stator
current. Figure 7 shows that the change of the torque generation at a given change of
the rotor resistance depends on the presently effective rotor resistance and the load
state. Therefore it is indispensable to adapt the closed-loop control parameters
accordingly. Figure 8 shows the speed-controlled run-up of the test machine using
closed-loop control parameters, which secure that the drive responds moderately to
load changes without deviating seriously from the speed set point (30 sec. ramp).

p
[}

Figure 7. Effect of a resistance change of the test machine
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Figure 8. Speed control of test machine

3.2 Configuration and use

It is planned to cover the performance range up to 2000 kW with a standard
configuration consisting of three design types.

The configuration of a switch cubicle for the power electronics rotor starter
(Fig. 9) is based on Rittal standard switch cubicles with a depth of 600 mm. Depending
on the motor size and the installation conditions it can be designed with a depth of
1000 mm or 1200 mm.

front view of the starter cubicle
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Figure 9. Principle configuration of starter cubicle
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For the ABB compact starter (DUK 1-4, Figure 10), which was developed for
conveyor bridges and drives which are relatively far away from a switch house, an
IP54 version of a 1200 mm wide switch cubicle was developed.

The power electronics starter can be used for both the retrofitting of already
existing starters and for new plants. In already existing plants the starter is connected to
the PLC system by parallel inputs and outputs of the respective signals whereas a
PROFIBUS interface is available for new plants.

Figure 10. AIIB compact starter DUK 3

4 PROSPECTS

After finishing the tests at the test station in 2008, a starter is being developed
for a 900 kW belt drive in the Nochten opencast mine of Vattenfall Europe Mining
AG.

Provided that this starter works steadily, the drives of the F60 overburden
conveyor bridge in the Reichwalde open cast mine that operate in the power range
between 400 kW and 1500 kW will be equipped with ECOSS starters.
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PREVENTIVE METHODS AGAINST SPONTANEOUS
COMBUSTIONS BASED ON PHOSPHATE-TYPE
INORGANIC INHIBITORS USED IN COAL MINES WHICH
EMPLOY BED UNDERMINING
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Abstract: Coal mining shall lead to the occurrence of certain phenomena
characterized by high risk factors produced by spontaneous combustions. The non-prevented
spontaneous combustion can give birth to fires with adverse effects in every plan. After studying
the chemical structure of coal, the theories of self ignition and of the oxidation reaction of the
organic compounds, two new technologies for fire prevention based were developed on the
inhibition of coal oxidation. The first technology consists in spraying water drops mixed with
inhibiting substances into grafs; the second one consists in the infusion of a mixture made of
several chemical compounds. The tests performed in situ showed a high efficiency of the new
technologies even at those long walls with coal with a high reactivity from the point of view of their
self-ignition.

Key-words: spontaneous combustions, new technologies for prevention

1. INTRODUCTION

Coal has been and shall always be the primary source of power. It has been
included in the strategies specially developed and implemented for the purpose of
building a sustainable power sector both within the EEC area, and all through the entire
world.

* degree Scientific researcher PhD eng. — INCD-INSEMEX Petrosani
** Assoc. Prof. PhD. Eng. - University of Petrosani

*** Scientific researcher PhD eng. — INCD-INSEMEX Petrosani
**%* Assist. Prof. PhD Chem. — University of Petrosani
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The”power coal” sector in Romania must operate in an efficient manner with a
reduction of the production costs. Consequently, the mining activity has been
reorganized and modernized. There have been introduced highly efficient mining
methods, such as mining of coal by undermined bed in the worth paying mines.

But this method amplifies certain risk factors, such as the spontaneous
combustion.

As the subventions for mining have diminished, it is urgent to increase
profitability of the mining units. One way to accomplish is to prevent the spontaneous
combustions in coal mines; accordingly, the time-out of the coal deposits is reduced,
the mining activity is going on without break periods, the number of accidents is being
diminished, the mining equipment is used in very good conditions and at last, but not
in the least, the expenses related to an active, passive or mixed control.

Beside the classical methods used for prevention (mud filling, treatment with
antipyretic substances, treatment with chemical and sealing substances), there have
been developed and tested in laboratory, pilot and in situ new technologies that use
homogenous inhibitors.

2. SCIENTIFIC EXPLANATION OF COAL SELF-OXIDATION.
INHIBITING THE SELF-OXIDATION PROCESS
2.1 Coal chemical structure

According to the researches carried out in the field of coals chemical
structure, they are considered macromolecule compounds made of compressed
aromatic nuclei with side hydrocarbons chains included, which show an increased
reactivity with respect to the compressed aromatic nuclei, in compliance with the
structures shown in figures 1, 2 and 3.
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Fig. 3

An increased metamorphism increases the content of aromatic nuclei,
to the prejudice of side chains; as a result, there is developed a more arranged structure
that comes near the crystalline network of graphite.

2.2 Self-oxidation of organic compounds

Considering coal chemical structure, one can say that coal is a complex
organic compound that observes the same rules valid for all the organic substances, so
including the one of self-oxidation.

Self-oxidation is a reaction between the organic compounds with the molecular
oxygen, in relatively mild conditions of temperature and pressure.

Generally, the reaction is triggered by dimmers or ions of the transient metals
and this proves the radically character of the process.

2.3 Inhibiting the self-oxidation process

Self-oxidation of hydrocarbons polymers and of other organic compounds is a
chained process. For inhibiting this process, one can take the suitable measures either
during the stage of chain formation, or during the chain spreading and branching.

The inhibitors that are used during the chain formation may be compounds of
screened phenols or sulphurs type.

According to literature [1], [2], [3], the theory of the “pyretic-oxidation™ and
the theory related to the role played by the microelements that are component part of
coal corroborated with the theory of oxidation have led to the conclusion that the
substances that are part of the “phosphate” group may have inhibiting effects over the
coal self-oxidation.

Several authors [2], [3] consider that the use of the phosphate has led to:

a) The decreasing of the temperature of the treated sample, compared to the

untreated sample, during the determination of the coal tendency to self-ignition by the
method of thermal oxidation with gaseous oxygen.
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b) The decreasing of the temperature gradient with a 20 minutes period
from the start of the oxidation, at the end of the self-oxidation, as well all
through the oxidation process, compared to the untreated sample. It is important
the decreasing of the temperature gradient that occurs at the beginning of the
process when heat accumulation occurs and may trigger later the self-ignition.

For all the above-mentioned situations, the output is expressed by the
following equations:

ATy treated sample

A T untreated sample

AT /20 minutes heating of the untreated sample
M2 =100 - ; - - 100 ()
AT/20 minutes heating of the treated sample
These measurements have led to the conclusion that the inhibitor that is part of

the phosphate group shall diminish coal tendency to self-ignition with around 80%.

3. NEW METHODS FOR PREVENTING SPONTANEOUS
COMBUSTIONS WHEN USING COAL MINING WITH UNDERMINED BED

After a thorough study of the self-ignition theories and of the coal chemical
structure, there have been developed new methods of preventions that use the phosphate type
inorganic inhibitor as a base substance.

The researches that have been carried out in the laboratory, in the field and the
pilot researches have produced two new preventing technologies:

— the prevention method with inhibiting sprayed particles;

— the prevention method of spontaneous combustion with chemical foam and
inhibitor spread locally with the help of a pump.

According to literature [4], [5], the methods which have been developed and
tested are the following ones:

3.1 Methods of prevention with inhibiting sprayed particles

3.1.1 Description of the installation used to produce the inhibiting sprayed
substance and of the working method

The prevention of endogenous fires when using the mining with undermined
bed is accomplished mainly with the help of very fine (micron — sized particles)
derived from the inhibiting solution spread all through the goaf and at the working
face, depending on the location of the installation and in compliance with the air flow.

The installation used to produce sprayed particles (fig. 4) is made of a 200 ml
tank (1), an air-water spraying device — CCSM (2) and the connection hoses (3) to the
compressed air mains at the working place and to the tank with the inhibiting
substance. A tap (4) is mounted on the compressed air hose of the spraying device.
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Fig. 4

The spraying device for spraying the inhibiting substance has got the following
parameters:

- the working pressure : 0,3 — 0,6 MPa;

- consumption of compressed air: 0,8 — 1,05 m’/min;

- consumption of inhibiting solution: 0,8 — 1 1/min;

- sprayed solution ratio: 90 — 100 %.

3.1.2 Mounting and commissioning of the installation

The inhibiting solution of 0,5 % phosphate is put into the tank (1). Due to the
phosphate high solubility, we can get an inhibiting final product in approx. 5 min after
a manual stirring in the tank.

Afterwards, a supply hose attached to the spraying is connected both to the
compressed air mains and to the tank. The spraying device is placed in the cross drift
or in front of goafs with high concentration of CO.

The spraying device is equipped with a regulating means; accordingly one may
regulate the size of the sprayed particles in such a manner that the very fine particles
should be = 90 % of the inhibiting solution.

The amount of inhibiting solution in the tank ensures an autonomy of operation
of around one hour.

3.1.3 Treatment method with sprayed particles of inhibiting substance

Due to the inhibiting characteristics displayed by the phosphate during the coal
oxidation and self-ignition process, coal oxidation and self-ignition process, a suitable
treatment with sprayed particles from the ,,phosphate” group shall diminish the risk of
spontaneous combustions.

To treat adequately a goaf, this spraying device shall be located in the cross
drift of the blasted pre-crushing raise. The sprayed device shall also be mounted in
front of the holes in goafs where high concentrations of CO were previously detected
(over 0,1 % vol).
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The spraying device shall be placed at a height of 1 -1,5 m from the mine floor,
being orientated towards the area that is to be treated with the help of sprayed particles
and shall operate in every point for approximately one hour.

3.2 Method for the prevention of spontaneous combustion with chemical
foam and inhibiting substances, locally applied with the help of a pump

3.2.1 Description of the installation used for the treatment of the goaf

The installation shown in fig. 5 is made of the following component parts:

— connection to the supply main for industrial or drinking water;

— line mixer;

—a 100 I vessel for mixing the solution;

— foam delivery pipe;

— apparatus for producing the ASC-3 chemical foam, made of an electric motor
of 15 kW, an air-driven motor and a SADU-type centrifugal pump.

1
6 4 3
Foam f Z ] I]] f Water
5 2

Fig. 5

3.2.2 Operation of installation

Before commissioning, it is necessary that the mounting scheme shown in fig.
5 should be produced and then the whole installation be connected to the water main of
the mine or to the mudding plant.

For being able to interconnect all the sub-assemblies, B and C connectors
should be used (used also by firemen), as well C-type hoses with a 50 mm diameter.

After opening the supply valve, the incoming water reaches the line mixer and
afterwards, it crosses a convergent—divergent ejecting nozzle; as a result, it sucks the
mixture formed beforehand in the 100 1 vessel in the suitable ratio between water and
the mixture of chemical substance and foaming agent. Then, this mixture under
pressure crosses the foam delivery pipe and here we can get a foam with an expansion
rate of 10 by supplementing a great amount of air. Due to the fact that this mixture
displays a low pressure when coming out of the foam delivery pipe, it can be thrown
away over a distance of only 6-8 m away. Accordingly, an ASC-3 apparatus is
necessary to be mounted in the goaf for the foam transportation along metallic pipe;
this apparatus sucks in a powerful manner the foam from the delivery pipe and throws
it with high pressure along the pipe located in the goaf.
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3.2.3 Component stages of the method used for the treatment of goaf with

antipyretic chemical substances

The treatment of goaf with antipyretic chemical substances includes the
following component stages:

a) The producing of the mounting shown in fig. 5;

b) Connecting the line mixer to the drinking or industrial water main;

¢) Connecting the foam delivery pipe to the line mixer;

d) Preparing the mixture of antipyretic foaming substance in the 100 I vessel:

— 0.5 kg of inhibiting substance;
—10 - 20 1 foaming agent;
— water up to 100 L.

e) The opening of the water supply valve and the introduction of the supply
hose of the line mixer in the 100 I vessel; previously, there has to be checked whether
absorbtion occurs;

f) Driving the foam jet towards the goaf by 50 mm diameter pipes. The foam
shall be introduced into the caved rock with ASC-3 apparatus. The operation goes on
until all the preset amount of foam is delivered or until the drill hole doesn’t accept
more foam.

Observation:

— Treatment can be performed in several stages.

— Treatment shall be performed right away after the discharge operation.

— After the treatment is brought to an end, both the installation and the hoses shall
be washed up for 1-2 min.; after that they shall be gathered at the very place where the
mixture is made so as to be readily available for a new commissioning in the following
cycle.

4. RESULTS

4.1 The effects of the sprayed solution

The effects of the sprayed solution have materialized for the following
directions:

— the sprayed solution moved towards the goaf and covered the coal which
remained within the goaf as a result, coal tendency to self oxidation diminished;

— the airborne coal dust in the cross gallery attached to the sprayed particles; as
a result, the atmosphere at the working place cleared within minutes from the moment
when the solution has been sprayed;

— whether this solution is sprayed during the blasting operation or right away
after the end of this operation, the toxic gases attach within minutes. Accordingly, the
ventilation period after the blasting operation diminishes;

— the sprayed particles cooled the area, leading to a dissipation of the heat
produced during the spontaneous combustion.

4.2 The effects that result after the treatment of the goaf with chemical

substances

The chemical substances - the foaming agent together with the inhibiting
substance injected towards the goaf allow a suitable mining of the sublevel with no
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occurrence of endogenous fire through reactivation. The mining of the coal slice shall
create the basis for a continuous mining of the lower sublevel by longwall working
with undermined bed.

The effects of the chemical substances sprayed inside the goaf were the
following ones:

- a cooling down of the influence area covered by the mixture of chemical
substances;

- a diminution of the tendency to oxidation for the coal left inside the goaf; in
this manner the development of a new spontaneous combustion is prevented,

- a diminution of the concentration in carbon oxide inside the goaf resulted
from a previous spontaneous combustion.

5. CONCLUSIONS

¢ Coal is and shall remain an important energy source.

e A reconversion to the market economy includes reorganization and a
modernization of the coal mining field in Romania, too.

e Coal mining with undermined bed has introduced new risk factors, among
which an important place is hold by spontaneous combustion.

e Prevention of spontaneous combustion during the implementation of the new
mining method can be reached by new ones that use inhibiting substances.

o Two methods have been devised and tested with good results, i.e:

- one that uses sprayed particles with inhibiting substances;

- one that involved the local treatment of the goof with a mixture made of a
chemical foam and inhibiting substances
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