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GOLD MINING AT APUSENI MOUNTAINS IN ATIQUITY

IOAN-LUCIAN BOLUNDUT"

Abstract: Gold Dacia was the main cause of its conquest by the Romans, to save the
Empire from bankruptcy. Gold and silver deposits Dacian were stationed in the Golden
Quadprilateral of the Apuseni Mountains. It seems that when the Romans sacked 165.5 tons of
gold and 331 tons of silver, and 165 years of occupation have mined 500 tons of gold and 950
tons of silver. The Romans were not satisfied with just taking over the mines and miners in the
Apuseni Mountains, but also brought the technique used when the main mining centers of
Hispania and Britannia Empire and skilled miners in Illyria. Archaeological research
undertaken gives evidence on the mining organization and technology applied here in antiquity
in order to obtain gold. This paper presents the organization of the ancient mining, mining
methods used, ore transport, groundwater discharge, ventilation and illumination of the mines

Key words: gold mining in antiquity, mining organization, mining technology.
1. INTRODUCTION

Extraction and processing of useful minerals appears together with the history of
mankind in order to produce weapons and tools. The first rock to be employed was flint, but
later on, in the Neolithic, gold and copper came to be utilized. In the second millennium B.C.,
bronze was discovered by amalgamating copper with tin or lead. Bronze tools and weapons
were far better than those made of copper, as they had a superior hardness and were easier
processed during molding. Such objects were discovered all over Romania, but more frequently
in Transylvania where there were also found several non-ferrous ore deposits. Still here were
discovered many treasures and gold items, with the assumption that those found at the East and
South of the Carpathian Mountains — dating from the Bronze Age and the first stage of the Iron
Age — were also made of gold that had been extracted and processed in Transylvania.

Probably, gold mining in the Apuseni Mountains (i.e. the Occidental Carpathians)
started somewhere during the 71" century B.C., when some of the Greeks that had left their
country for Caucasus in search of the Golden Fleece turned towards us, where they could also
obviously find such a fleece. Otherwise cannot be explained the multitude of coins, household
and art objects and of tools used at the extraction and processing of gold, all of Greek origin,
which were discovered here and dated from this period. Some sources say that the Phoenicians
would have been delving, as well, into this richness. By the 6™ century B.C., some Scythian
shepherds, who had already known how to get the gold from the river sand, as they were
passing their sheep across the Carpathians, discovered the precious metal in the rocks of the
mountains and settled themselves down on the Mures River Valley to become outstanding gold
producers. About another branch of the Scythians — the Agathyrsi — there is also written
evidence from several ancient authors starting with Herodotus. As he describes the war of 514

* Prof. Ph.D. University of Petrosani, iboll947@gmail.com
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B.C. of the great Persian King, Darius, against the Scythians at the north of Danube, he
mentions that Agathyrsi used to live in the Apuseni Mountains area and that they mastered the
art of mining and of processing golden jewelry.

The art of extracting and processing of gold and silver was taken over from the
Agatyrsi by the Dacians, who did not neglect the use of iron in the making of weapons either.
Starting from the assertions of our great historian and archaeologist Vasile Parvan in his Getica,
it was believed for a long time that all the Dacian gold captured by the Romans would have
been obtained only from the river silt. But, between 1999 and 2006, a team of French
archaeologists and researchers from Centre National de Recherche Scientifique (CNRS) and
from Unité Toulousaine d’Archéologie et d’Histoire (UTAH) together with geologists from
Cluj-Napoca and Miinchen executed researches in the field of mining archaeology in some very
old mining works at Rosia Montana. On this occasion, there were also discovered some wooden
structures of mine sustaining elements. The dating of the samples of this wood, done by help of
Cu4, goes back somewhere between 295 and 90 B.C. that is, among 200 and 400 years before
the Roman occupation!

2. MINING ORGANIZATION

The riches of gold and silver available in the Apuseni Mountains were definitely
known to the Romans as well. The only significant gold deposits in the empire found in the
Iberian Peninsula had already been exhausted, so that, the single rescue from bankruptcy of the
proud empire could be the Dacian gold. Trajan already knew this very well so he couldn’t leave
anything happen by chance, but prepared himself thoroughly for the conquest of Dacia — the
result of the two military campaigns of 101-102 and of 105-106, carried out by him. Having
defeated the Dacians, Trajan remained here for another couple of months in order to organize
the new province and especially the gold mining in the Apuseni Mountains. On the grounds of a
Lex Provinciae the borders of the new province and its juridical basis were established, as well
as the imperial domains and the capital at Sarmizegetusa. The main imperial domain was the
gold-bearing area, directly subordinated to the imperial administration. Its headquarters were in
Ampelum and it was run by a procurator aurariarum who exercised his duties by means of an
administrative apparatus made out of technicians and clerks and which disposed of a limited
number of soldiers to ensure the military guard of the gold-bearing area. The procurator was in
charge of mining efficiency and he used to receive all the direct and indirect incomes of the
domain. There was also the possibility of renting some of these mines by little entrepreneurs,
the usual renting interval being up to 5 years without renewal. The renting fee was established
by the procurator and it had the average value of 4,000 sestreti per year (1 sestret = 1 gram of
silver) so, this was not too big. Among the most important mines worked by the Romans in the
Apuseni Mountains are to be mentioned those at Bucium, Rosia Montana, Baia de Aries and
Zlatna, as well as those around the town of Brad. Initially, the hand labor employed by the
Romans consisted of local inhabitants transformed into slaves. They were not allowed to move
to a different place and could be sold or rented by their masters. In order to increase the amount
of the extracted gold and silver, the Romans brought here colonists from Dalmatia and other
areas having a tradition in working in mine deposits, to labor alongside natives. Dalmatians
were settled down at Bucium in establishments called vicus and castellum in quite a large
number, so that they organized themselves in a separate corporation run by Celesenius Constans
to whom Opellius, the governor of Sarmizegetusa, raised a tombstone at Ampelum, the place
where he died [Corpus Inscriptionum Latinarum, II1, 1322]. A consequence of the employment
of both native and colonist miners at gold mining in the Apuseni Mountains was a period of
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flourishing until the autumn of 167 which marked the beginning of the Macromanic War (167—
175). Macromans were one of the Germanic tribes related to Suebians and Longobards; they
carried out two wars against the Roman Empire (167-175 and 178-180). In the autumn of 167
they reached up to Ampelum and Alburnus Maior, destroyed the whole mining area and
pilfered all the gold and silver they found. The disaster was so great, that other colonists had to
be brought here to work in the mines. The Macromans were defeated by Marcus Claudius
Fronto, the governor of Dacia and of Superior Moesia (168-170), to whom the citizens of
Sarmizegetusa raised a statue bearing an inscription in which they praised his bravery [Corpus
Inscriptionum Latinarum, III, 1457]. The great German historian and archaeologist Theodor
Mommsen (1817-1903), an expert in the history of the Roman Empire and coordinator of the
monumental work in 12 volumes, Corpus Inscriptionum Latinarum, believes that the
inhabitants of Rosia Montana and Bucium had hidden most of their riches from the eyes of the
Macroman invaders in places known only to them. Mommsen is right as the same inhabitants
will act in the same way along the next thousand years during the Barbarian invasions.

Many of the written information on the mining organization in the Apuseni Mountains
come from a series of waxed tablets discovered at Rosia Montand in the old Roman mine
galleries between 1786 and 1855. These are small wooden boards bound in sets of two
(diptychs) or three (triptychs) pieces together and coated with bee wax on which different texts
could be written. The total amount of discovered tablets was 40, of which only 25 have been
preserved, four of them being complete triptychs. They come from the time of the Roman
emperors Antoninus Pius (138-161) and Marcus Aurelius (161-180) and one of them from the
time of Hadrianus (117-138). These texts contain contracts regarding the renting of the mines
by individuals, or different associations done in order to run the mining process, contracts of
sale and purchase of slaves, bills, an act regarding the dissolution of a funeral college, and a
menu with all the dishes of a party organized by a college of artisans. As a matter of fact, at this
party held on the eve of the calends of May, that is, on the 30" of April, the total amount of
wine to be consumed exceeded by far, half of the entire expenditure! This demonstrates the
everlasting validity of the saying: ,, Food is swagger, drinking’s the foundation!*

Figure 1 Triptychs of waxed tablets, resembling books
3. MINING TECHNOLOGY

Dacian mining technology could not be restored in the absence of relevant
archaeological evidence. Certainly, they obtained the alluvial gold by the same procedures that
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had been used until the Middle Ages, and even later. The golden veins found in the mountain
areas were washed by waters and the little parts of ore detached from the vein were taken down
to great distances and crumbled into pieces. Those looking for the alluvial gold nuggets used to
have simple tools. With the help of a hoe and of a container, the golden sand was taken out of
the river bed and downloaded on the superior side of an inclined surface made of wooden
boards and covered with a raveled woolen fabric. With a wooden dipper, water was taken out of
the river and poured over the sand placed on the slanted board, in order to make it move
downwards onto the woolen fabric. To help the sand move, there was also used a scraper. As
the fleece retained the gold nuggets, this was washed out into a two-handled water tub and then,
the resulting gold was separated from the remaining sand by help of a buddle.

It is hard to believe that the huge amount of gold gathered by the Dacians resulted only
from river silt. Going upstream they discovered the outcrops of the gold-veins and started
mining, initially at the surface, and then in the depth of the ground. Dacian mines were not such
elaborated as those found in the Iberian Peninsula or Britannia, being probably just narrow
coast galleries of short length or shallow wells dug into the veins. As already mentioned, it was
scientifically proved that Dacians had already practiced underground mining several centuries
prior to the Roman arrival.

Figure 2. Extraction of alluvial gold

The conquest of Dacia by the Romans also represented the improvement of both gold
extraction and gold processing technologies. They were not satisfied with simply taking over
the mines and miners in the Apuseni Mountains, but also brought along with them the technique
of those days, used in the major mining centers of the empire, as well as skilled miners. The
most interesting vestige of the Roman surface mining at Bucium is a trench called Zeruga , dug
into the southern slope of Corabia (i.e. The Ship) into the outcrop of the gold-vein with the
same name, and very rich in gold. It has a length of 500 m and an average depth between 20 m
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at the top, and 30 m at the bottom. The width of its basis is of 15 m at the top, and 20 m at its
bottom. This work is a faithful copy of the Spanish Corrugates as seen and described by Pliny
the Elder (23-79 A.D.) in his Naturalis Historiae. Exactly like in Spain, at the foot of this mine
work there was arranged a lake of 120 x 120 m, corresponding to the lake of 200 x 200 steps
described by Pliny, its water being necessary to separate the gold that resulted from the ore
crushed in the mills. It’s been estimated that the Romans had extracted only from this place,
about 4 tones of pure gold. Nowadays, this area is forested, but in a picture made around 1900,
the old Roman mining work is obviously seen.

By the end of the 19" century, in the area of the old lake at the foot of the Roman
trench, there were discovered a grinding mortar made of amphibolic andesite and a stone of
quartzy conglomerate used at crushing the golden ore. Further on, the crushed ore was ground
in stone mills. The gathering of gold was done gravitationally, by help of the water in the pond
which caused the moving of the grinded product onto the slanted plane, as already mentioned.
The barren tailings were washed and taken away by water, while gold, heavier than that,
remained onto the sheepskin or shaggy fabric on the slanted board. In order to avoid material
flowing to the sides of the inclined plane, this had to be bordered. The gathered particles of gold
were then melted in crucibles made of fireclay and placed into the ember of an open hearth. The
melted content was actually an alloy of gold and silver, which also contained other impurities.
To obtain pure gold, they introduced salt (NaCl) into this mixture and so, separated gold from
silver, as described by the Roman historian of Greek origin Diodorus of Sicily in the 1% century
B.C. In this way, they obtained pure gold and silver chloride. The silver chloride was mingled
with the lead oxide of which, silver was separated by cupellation.

-

")

Figure 3. leruga dug by the Romans on the southern slope of Corabia

For the underground mining, the opening of mines was done by drifts dug from the
surface. In the area of the ore deposit, works were then continued either by directional galleries,
mined along the vein, or by cross-heading ones. Galleries (cuniculi) were opened as far as
possible, in hard and compact rocks and digging was done by help of chisel and hammer.
Directional galleries were between 2.1 and 2.7 m high, depending on the size of the vein, while
the cross-heading ones were between 1.5 and 1.8 m high and between 0.6 and 0.65 m wide.
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Where the rocks were firm, galleries were not reinforced, but given a vaulted ceiling for a better
distribution of pressure onto the side walls (fig. 5. a). In the case of an inadequate ceiling,
reinforcement was done only with wooden beams tightened with wedges and lined with boards
(fig. 5. b.), but if the walls we not strong enough they had to be reinforced either with half (fig.
5. ¢), or with complete wooden frames (fig. 5. d).

Figure 4. Roman mortar used at crushing golden ore, discovered at VVulcoi
Museum of Geology in Budapest, Hungary

The work in the heading galleries — in case of a hard rock — was done by cutting a
square groove of 20 x 20 cm with a depth of 5-7 cm at the centre of the cross section of the
drift; then, the groove was enlarged to 40 x 50 cm and then to 70 x 90 cm. In the end, the entire
outline of the gallery was achieved and the wall was smooth, without cracks. This explains why
such galleries as those at Saints Peter and Paul have been preserved in such a good condition
for almost 2 thousand years. When the rock was very tough, the method of fire and water was
used. The first written evidence on this ancient technique belongs to the Greek historian and
geographer Agatharchides (2" century B.C.) and later, this is described by Diodorus of Sicily.
First, the rock was heated by help of fire in order to produce its expansion, and then, it was
cooled down by sprinkling of water upon it, to cause a sudden contraction and thereby, to make
it crack or break into pieces. This is how the endless areas of sand in the desert came into being,
with great heats during the day and very cold nights. In the writings of the ancient authors it is
said that sometimes, water was replaced by vinegar, as the latter has a greater destructive
power, due to its higher contraction value.

Among the gold mining methods applied by the Romans on the veins at Bucium, are to
be mentioned:

a — Mining in ascending directional strips, with the filling of the mined space, this
was practiced in those places where the rock was not too hard, and the material was dislocated
by help of the chisel and hammer. The amount of backfill was small and this could be
produced even in the working face drift, by cuttings done into the walls next to the vein.

b — Mining in descending directional strips, without the backfilling of the mined
space, this was used in the diggings of leruga-Scursura, were the rock was hard and very hard.

In this case, the vein was left aside in one of the working walls while the sterile, more fragile,
was removed. The vein was then extracted with the chisel and hammer, by execution of
grooves disposed perpendicularly, in a way that created squares of various dimensions which
were then cut out. To avoid accidents, mined spaces were reinforced with wood.
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Figure 5. Types of Roman galleries

C — Operating by subsidence was used in the areas with a dense network of thin veins.
Advancing in the direction of the veins was done through overlapped galleries, separated
vertically by safety floors. By subsequent collapsing of these floors, there resulted some huge
empty spaces called Corands, such as the one at Dealul Frasinului (i.e. Ash Tree Hill) situated
between Sasa and Muntari.

Ore transport to the surface was done manually, by means of wattled baskets fastened
onto the shoulders. In the working face drift, an initial separation of sterile and useful ore was
done, and only the latter was taken to the processing place. To evacuate the ore excavated in the
very narrow directional galleries they used a sort of trough, that is, a vessel made by hollowing
a wooden trunk of 1.4-1.5 m length and 0.4-0.5 m width. This was pulled out by help of a rope
connected to a handle at its end. The uploading of the material was done with a wooden bowl.
Both these objects have been found in a Roman gallery in the mine of Saints Peter and Paul,
the bowl being made of ash tree wood.
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Evacuation of water was one of the most difficult problems to work out with the
technical equipment of the time but, starting with the first century A.D., the Romans made use
of two such devices to evacuate water on the vertical: Archimedes’ screw and the Hydraulic
wheel. The first device had been invented by the great ancient scholar Archimedes (287-212
B.C.) as a military implement, afterwards being also used to evacuate waters from the gold
mines of Egypt and the Iberian Peninsula. This was built of a wooden cylinder in which a spiral
snail with the propeller made of wood or copper, was made to revolve. The screw was revolved
manually, by means of a crank. Such a device, discovered in the Roman gold mines of the
Iberian Peninsula, was about 3-5 m long, with an inner diameter of 20-30 cm, and able to
evacuate 35-40 | of water/min and had an efficiency of 40-50 %.

The hydraulic wheel, similar to that of a water mill, was built of a shaft with spokes
and an exterior rim having a diameter of 4-6 m, on which 20-24 cups were fixed and made
watertight with resin and wax. The cups raised the water from a lower tank and discharged it
into a superior basin through an adjacent pipe. This operation was repeated on the vertical, up to
one of the drifts which was provided with a drain. The wheel was moved manually, by help of
some handles fixed on the exterior side of the rim or by treading by one or two persons on a
particular frame placed at the superior part of the wheel. The height at which water was lifted
was of ¥ of the wheel diameter and the water discharge reached up to 70-80 | /min. The one
who described these hydraulic wheels was the Roman architect Vitruvius (1% century B.C.) and
several specimens were found in the Iberian Peninsula, Great Britain, and in Romania at Rosia
Montana and Brad (fig. 7). At Rio Tinto, in Spain, 8 such wheels connected into a system that
was projected to evacuate waters by taking them to a height of 30 m, have been discovered.

Mine ventilation was achieved by convection, that is, by taking advantage of the
vertical movement of the air, due to the lower density of the warm air inside the mine,
compared to the higher density of the cold air, outside. Ventilation was absolutely necessary in
those places where fire and water were used, in order to evacuate smoke and steam. This was
realized by digging above the main gallery, at a distance of 4-5 m, of another gallery and by
joining them together through ventilation wells. Clean air entered through the main shaft, while
vitiated air went out through a secondary one; at its end they used to make a fire in order to
enhance depression. The ventilation wells were dug at about 10 m distance from one another.

As soon as the new ventilation well was dug, the previous ones were backfilled in
order to avoid evacuation of the fresh air through the ventilation well, but lead it towards the
working place. Such works have been described by several ancient authors (Lucretius,
Vitruvius, Strabo and Pliny the Elder), and subsequently discovered in situ (i.e. in the site) at
Rio Tinto in Spain. Ventilation wells and galleries had quite small sections of about 1 sq. m.
According to Pliny’s description, the quality of ventilation used to be checked by help of a
lamp; in case the lamp failed to light, workers were evacuated and measures to improve
ventilation had to be taken.

Mine illuminating was achieved by lighting lamps (lucernae). The lamp was made of
burnt clay and it illuminated by means of a wick which was introduced into a container filled
with tallow, lard or oil. The tank could be either open, or closed. In the latter case, the tank was
endowed with one hole for the fuel and with 1-3 orifices for the wick. At Vulcoi, there was
discovered a lighting lamp bearing the brand of FORTIS. The brand was always applied on the
lower side of the tank and it displayed the name of the manufacturer. In order to be carried, the
lamps were provided with a handle. Usually, they were placed in some niches carved in this
respect, into the walls of the galleries. Pliny the Elder believes that the oil lamps were also used
to measure the working time, probably a day, or a shift of 8 or 10 hours.
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Figure 6. Archimedes’ screw Figure 7. Hydraulic wheel

Traffic in the wells and between levels was done by wooden stairs made of trunks in
which steps were carved at a distance of 0.4-0.5 m. Such stairs have also been discovered in the
Roman mines at Vulcoi.
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Figure 8. Ventilation in a Roman mine

Figure 9. Mining lamps

4. CONCLUSIONS

As already mentioned, the Romans had captured from the Dacians 165.5 tons of gold,
and 331 tons of silver, and during the 165 years of occupation they extracted another 500 tons
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of gold and 950 tons of silver. Following the Roman withdrawal from Dacia, the entire course
of the socio-economic life got a rural character. Economy turned back to grazing and extensive
agriculture and the crafts declined, receiving a predominantly domestic character. Mining made
no exception. After the Roman withdrawal, mining activity of the natives was reduced to the
use of metals for making agricultural tools, weapons and household utensils. Gold mining in the
Apuseni Mountains was probably reduced to the alluvial mining in the river beds, and mining in
some of the poorer gold veins found near the surface, which had no relevance to the Romans.
Yet, it’s hard to believe that miners remaining here after the Roman administration withdrawal
abandoned their job and started grazing animals — as agriculture seems impossible in the area.
Gold and silver represented, for sure, a strong currency even in those troublesome times of
which we know very little.

Roman mining technology was so advanced that in the next 1.500 years it remained
unchanged not only in our country, but in the whole Europe, as well. On the land of our
ancestors, the barbarian invasions erased the Roman-Dacian culture and civilization for the
next thousand years and so, there followed the so-called dark millennium.
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CALCULATION MODEL OF THE ALTITUDE
MODIFICATION AS A RESPONSE OF THE
GEOMORPHOLOGIC SYSTEM FOLLOWING
ANTHROPOGENIC ACTIVITIES OF MINERAL
RESOURCES EXPLOITATION

GRIGORE BUIA*
CIPRIAN NIMARA**

Abstract: Geomorphologic system response is primarily dependent on the intensity
and frequency of anthropogenic exploitation activities held on a geomorphologic resources,
and secondly, by the geological, meteorological and soil variables. The most important
environmental variables are: quantity of precipitation, wind intensity, type of rock, soil erosion
etc. Using the proposed calculation method, we want to quantify the result of the exploitation of
mineral resources on the relief. The end result, expressed in value, being in fact the
geomorphological system response to these human-induced disturbances.

Keywords: geomorphological system, human activity, calculation model

1. INTRODUCTION

The need to address the problem of extreme phenomena in systemic perspective is
appropriate for itself if we consider the fact that in the genesis and manifestation of the risks, a
determining role it holds on condition of "causal interface”. This condition involves extreme
phenomena within the potentialisation of a set of factors and alike, through diversification of
their considerable upgrade, in terms of "target" effects. As a result, the attributes as well as
systemic complexity, completeness, unity, functionality is deeply involved in the expression of
the non-linear evolutionary systems.

Human modeling differs from the natural one, by the degree of intensity, the
manifestation, the complexity and design of the products, by printing an irreversible trend to the
territory. Thus, areas with positive forms of relief, subject to anthropogenic modeling, were
transformed from its original form to a flat form, and flat surfaces have been uplifted with tens
of meters. As a result of the feedback it generates a new spatial size and territorial planning,
resulting in the occurrence of inversions final relief and critical environments.

* Prof. PhD. Eng., University of Petrosani
w# Assist. PhD., University of Petrosani
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Critical environments, seen as a product of the ambient system malfunction caused by
human intervention, in the form of threshold, characterized by phenomena of information and
energy disruption which detracts from or do disappear entirely the internal capacity of the
system to be autoregla and to ensure a dynamic equilibrium [5].

Unpredictability, uncertainty, the apparent indeterminacy and surprising character
building and the succession of status, representing all of the traits of a system at risk. They are
undecided character paths for energy imbalances that occur on the evolutionary trajectory of the
system.

Natural geomorphological modeling processes are represented by fluvial modeling
system, glacial, marine, wind or oceanic, as well as the tectonic. Anthropogenic processes that
have a modeling effect on relief by printing a certain touch to the landscape are: agricultural
techniques and processes, construction (buildings, roads), the processes of extraction and
processing of minerals, military actions, and others [1].

We can affirm that human activity is like the weather, is manifested every day is
widespread and is found in an ever-changing, affecting both the natural and the human society
through its manifestations.

The evolution of the socio-economic causes of acceleration-induced environmental
components, and the answer it is apparent by highlighting the conflicting relations on the
ground. As technological development and spatial extent of anthropic compound was an
amplification of the conflicting relationships with the natural environment.

Through the activities of minerals extraction and processing, spaces which are at a
relatively steady, changes the dynamics in a backward acceleration, generating other landscapes
which function in an advanced degree of entropy. Geomorphological elements are changed; it
creates new superficial formations and accelerates their physical-chemical processes of
hipergen.

2. PRESENTATION OF THE CALCULATION MODEL

In designing this model of calculation has started from the premise that any
anthropogenic change of the landscape will ultimately result in a contrasting image within the
natural landscape, even though it will be subsequently rehabilitated.

It has been taken into acount the relative elevation of the anthropic surface, the original
elevation, the newly created form of relief, the tendency of subsidence (sinking rate), the
erosion feature of the material that forms the new form of relief and the average quantity of
precipitation.

So we have proposed the following formula for calculation:

Hs = (Hi— Rs) - Ce P [l]

Where:
Hs — relative elevation of the anthropic surface;
Hi — the original elevation;
Rs — the tendency of subsidence (sinking rate);
Ce — the erosion feature of the material;
P — the average quantity of precipitation;
S — surface (1 km?);
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Taking into account that we determine the changing rate of altitude per year
respectively per surface area is considered to be constant i.e. does not affect the result. We put a
set of parameters, however, because this is right. The Formula is applied per year (by admitting
that the given values are the respective constants). Of course it is possible each year to be
different values. It is Important to demonstrate how to apply in an year. After that it may change
depending on the new values.

Using problem-solving as a way of expressing those exposed earlier, then we could
make by way of example the following problem or situation:

- If in 2004, the initial relief had an altitude of 650 m, and in 2014 the relief has an
altitude of 675 m, bearing in mind that the rate of sinking basin is 4 mm/year and erosion
coefficient of the constituent material is 0.03, a quantity of 120 mm precipitation/year, can you
calculate which was the average rate of change of the relief on the surface (1 km?), over a year.

Solution:

Definition of parameters set:
H; = the original elevation (650 m)
Hs = relative elevation of the anthropic surface (675 m)
S = surface (1 km?)
Rs = the tendency of subsidence (sinking rate 4 mm/an)
Ce = the erosion feature of the material (0,03 - 0,04)
Plan = the average quantity of precipitation (120 mm/an)

For a start it has to be made all transformations in meters (we work with meters and as
a result the final outcome will represent a quantity in m/year, Figure 1).

Hi =650 m

Rs = 4 mm/year = 0.004 m/year
C.=0.03

Plan = 120 mm/year = 0.12 m/year P

Then Hi= (Hi—-Rs) - Ce: P > 650 m
= (650-0.004)*0.03*0.12
t} 0.004m

=649.996*0.03*0.12 =
= (649 996 *3*12)/10 000 000 =
=2,339~2,34
Observation: Figure 1 Graphic elevation
The rate of altitude change in one year
depends on the variables and that is Hf (Figure 1). If we are talking about an area that has a
negative erosion coefficient, then we have a decrease of its initial data.

3. CONCLUSIONS
One component of the concept of "sustainable development™ is the impacts
management of socio-economic activities on the environment. Keeping the control assumes
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knowledge of the impact of the phenomenon, which presumes the stages of identification,
estimation, evaluation, etc.

It should be mentioned that generally distinguishes dynamism and a trend of
improvement in the rules on the identification of the relationship between a particular activity or
product, with the environment and minimize eventual negative environmental impact.

It is well known that any human activity has a wide range of implications that can be
felt in the most diverse fields. In general, you should take into account the whole spectrum of
implications of indirect effects, in some cases exceeding, the importance of direct ones.

In a brief definition, anthropic impact assessment seeks the scientific investigation of
geomorphological complex effects resulting from the impact of anthropogenic activities on the
structure and original morphology land.

By estimating the induced effects of human impact on the morphology of the terrain
means the quantitative assessment and/or quality of geomorphological processes or phenomena.
Often, given the novelty of the issues, lack of previous or similar data, extremely diverse nature
of the effects, the uncertainty and the multitude of interactions with other environmental factors,
predicting in qualitative terms may be the only solution, and may require the use of quantitative
estimation of mathematical and physical models, to provide a basis for the interpretation of the
obtained results [2, 4].

On the base of effects estimation is the size, being determined by the level of
indicators characterising the effects. The size of the effects, as assessed through indicators
always relate to the reference level, to certain standards, at intervals of admissibility.

The main advantage of quantification is the precision more akin to phenomenon,
especially where comparisons over time and space. Numerical estimation can be used where the
terms are ambiguous [3].

The aim of creation and subsequent use of this model is to be able to monitor in time
and otherwise to present graphics in a soft the dynamic geomorphological system's evolution
from a territory, depending on the type of human impact. In this way, having set the parameters
on the basis of statistical data, one can have a clear picture of the "evolution™ of the new created
landforms.
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ROLE OF JIU VALLEY HARD COAL DEPOSITS
BETWEEN EASTERN AND WESTERN EUROPEAN
ENERGETIC CONSTRAINTS

GRIGORE BUIA*
CSABA LORINT**
CIPRIAN NIMARA***
RADU LUPULEAC****

Abstract: A4s a result of being part of European organizations, Romania took
responsibility to produce until 2020 about 24% of its energy from renewable sources. Energy
wise nowadays, hard coal gives 5-7% of the electrical energy produced in Romania. Based on
this fact, but given the context of East-European conflict which can rewrite local and regional
energy scenario, this paper analysis the opportunities of coal valorization, framed by the wider
perspective of mineral production technologies, energy factors and geological reserves.

Keywords: energy balance, Jiu Valley, hard coal deposit, geological reserves

1. INTRODUCTION

The motivation of this paper appeared in the new geo-economic context created by the
geopolitical changes in Europe and in particular in South-East Europe, Romania as well. In
connection with this, we can highlight the following issues: the contribution of natural gas in
the energy balance of the region in question is quite uncertain, due to the policy of Russia.
Other sources, Turkmenistan, Iran, Irag, which represent the replacement of one of the main
supplier from this region (Russia) are in part difficult to become viable, due to the lack of
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transport infrastructure, and socio-political situation in the region and on the other hand, the
policy of protectionist and intimidation promoted by Gazprom and Rosneft. In the same
context, we noted that for the near future, the exploitation of shale gas in Southeastern Europe
may not be a certainty. Taking into account the stated role of hard coal, even at that rate of 5-
7%, it becomes important and a viable alternative in any geopolitical and more as geo-economic
circumstances.

Currently, the mining activities in the Jiu Valley are carried out under the coordination
of “Societatea Nationala de Inchideri Mine Valea Jiului” (the National Society of Mining
Decomissioning Jiu Valley), within the perimeters of the mining sectors Petrila, Paroseni and
Uricani and also under the coordination of the entity known as “Complexul Energetic
Hunedoara S.A” (Energy Complex Hunedoara). “Complexul Energetic Hunedoara S.A” was
created by the unification of several commercial entities, namely “Electrocentrala Deva S.A.”,
“Electrocentrala Paroseni S.A.” and “Societatea Nationala a Huilei S.A.”; its main role consists
of electricity generation using hard coal sourced from the mining perimeters Lonea, Livezeni,
Vulcan and Lupeni, Figure 1. (CEH Portal, 2014)

@ - Cloged mining areas

'= srssyl - Closing mining areas (SMIMVIY; < 2018

- *Bustainable” mining areas (CEH)
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Figure 1. Spatial distribution and status of mining perimeters in the Jiu Valley

2. GEOLOGY OF THE STUDY AREA

The Jiu Valley (Valea Jiului) / Petrosani basin (Figure 2) is an asymmetrical synclinal
structure formed during the Alpine orogeny, and sliced by transverse faults (Figure 2). The Jiu
Valley basin, with a SW-NE orientation, is 48-km long and 10-km wide on the eastern side and
2-km wide on the western side; the coal mines are distributed along the center of the valley,
following the western and eastern tributaries of the Jiu River (Figure 2).

The Jiu Valley basin (Figure 2) is underlain by a crystalline basement, filled with
molasse sedimentary deposits. On the basin rims, rocks of Danubian and Getic ages crop out;
these rocks are represented by Neoproterozoic, Paleozoic, and Mesozoic sedimentary, volcanic
and magmatic formations, presenting different degrees of metamorphism (Burchfiel, 1976; Pop,
1993; Preda, 1994; Petrescu et al., 1987; lancu et al., 2005). The Getic crystalline rocks crop out
in the north-eastern side of the basin and partially on the southern rim, consisting of gneisses,
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mica-schists, quartzites, and amphibolites. The overlying sedimentary deposits are of Jurassic,
Cretaceous, Paleogene, and Neogene age, mostly covered by Quaternary formations. The oldest
sedimentary rocks in the basin are Cretaceous, consisting mostly of flysch deposits, located on
the northern and southern rims. The Cretaceous deposits are represented by conglomerates,
green-grey sandstones, red marls, and minor limestones. From an economic perspective, the
Oligocene deposits are the most important, as these formations contain all the coal layers, of
Rupelian and Chattian ages. The Rupelian overlying the metamorphic sediments of the bedrock
and the Cretaceous deposits crops out as discontinuous layers on both rims of the basin. The
Rupelian deposits, 200 m to 600 m thick, consist of sandstones and green and red
conglomerates with ferruginous and limestone clasts. Dilja—Uricani Formation, of Chattian-age,
also known as the ,,productive horizon”, contains coal seams and crops out on the southern rim
of the basin, as well as in the northeastern, central, and western rims (Figure 2). The thickness
of these paralic deposits ranges from 270-m to west to 350-m to east (Baron, 1998). Twenty-
two layers of coal have been identified in the Chattian-age rocks, numbered as beds 0 to 21,
from the bottom to the top. Beds 3, 4, 5, 7, 8/9, 12, 13, 14, 15, and 17/18 are economically
feasible for extraction, bed 3 being the most productive. The thickness of these beds varies from
several meters up to several tens of meters (bed 3); the estimated percentage of the Jiu Valley
reserves are as follows: bed 3-48 percent, bed 5-16 percent; bed 13-10 percent; beds 4, 6, 7, 8,
9, 12, 15, 17, and 18 are thin, discontinuous and each contributes about 1-3 percent; beds 1, 2,
10, 11, 14, 16, 19, and 20 are very thin, representing a small fraction of the reserves (Pop, 1993;
Preda, 1994; Petrescu et al., 1987; Fodor et al., 2000; Fodor and Plesa, 2006; Belkin et al.,
2010; Buia and Lorint, 2010). The Miocene deposits are between 300 m and 550 m thick,
formed of grey sandstones, marls, clays, sands, and coarse conglomerate. The Quaternary
consists of alluvial and pro-luvial deposits.

Figure 2. Geo-tectonic map of Jiu Valley / Petrosani basin study area showing the regional
geology, the major synclinal axis, tectonic units and few sections in major point of interest
Modified from Pop E.I. (1988)
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3. TECHNICAL PROPERTIES AND STATISTICS OF HARD COAL
RESERVES IN THE JIU VALLEY

This section describes the main characteristics of the hard coal in the Jiu Valley. From
a valorization potential perspective, the classification falls into three categories, depending on
the current state of the mining perimeters, as follows; Closed (decommissioned) mining
Perimeters (Table 1), Closing mining perimeters (Tables 2 and 4) and Sustainable mining
perimeters (Tables 3 and 4).

Table 1. Statistics of the reserves pertaining to the closed mining perimeters (thousands of
tonnes at the closing date)

Lonea | Petrila o . Valea Campul lui
Group/Category - Dalja | Aninoasa de

Pilier Sud Brazi Neag
Ab 0 269 746 90 710 54
Bb 0 769 0 72 393 0
Cib 52,660 | 48,484 | 56,710 0| 59,128 716
C2b 0| 10,332 | 2,657 0 9,766 0
Total recoverable, (proven) geological 52,660 | 59.854 | 60,113 162 69,997 770
reserves
Aaf.b 0 98 5 461 232 0
Baf.b 0 0 0 632 209 0
Claf.b 41,693 | 17,783 | 14,869 75,109 12,270 199
C2af.h 0 9,328 | 9,380 23,485 5,644 779
Total probable geological reserves 41,693 | 27,209 | 24,254 99,678 18,355 978
Total geological reserves/perimeter 94,353 | 87,063 | 84,367 99,849 88,352 1,748
Tot_al geological reserves Closed 455732
perimeters
Heating value/perimeter Q (kal/kg) 5,788 | 5566 | 5434 | 5539 [ 5343 | 4776
Average heat content Q (kal/kg) 5,535

Table 2. Reserves Statistics - Closing mining perimeters (thousands of tonnes)
Petrila Paroseni Uricani TOTAL

Group/Category Quantity A(‘f;; )h Quantity A(f;: )h Quantity A(‘;T )h Quantity A(‘;T )h
Ab 337 | 22.05 538 | 19.74 48 | 24.43 923 | 20.83
Bb 810 | 22.73 0 0.00 406 | 30.25 1,216 | 25.24
Ab+Bb 1,147 | 22.53 538 | 19.74 454 | 29.63 2,139 | 23.34
Clb 16,109 | 19.42 20,683 | 21.77 38,980 | 24.76 75,772 | 22.81
A+B+C1 17,256 | 19.63 21,221 21.72 39,434 24.82 77,911 22.82
C2b 1,481 | 32.56 1,213 | 24.88 8,411 | 23.37 11,105 | 24.76
Total recoverable
(proven) geological 18,737 | 20.65 22,434 | 21.89 47,845 | 24.56 89,016 | 23.06
reserves
Aaf.b 343 | 22.72 315 | 23.60 354 | 26.46 1,012 | 24.30
Baf.b 81 | 29.00 83 | 20.66 595 | 30.92 759 | 29.59
Claf.b 55,761 | 18.64 13,216 | 21.95 50,589 | 21.47 | 119,566 | 20.20
C2af.b 13,535 | 18.18 5425 | 23.14 11,386 | 21.74 30,346 | 20.40
Total probable 69,720 | 1858 | 19,039 | 2231 | 62924 | 2164 | 151,683 | 20.32
geological reserves
Total geological
reserves 88,457 19.02 41,473 22.08 110,769 22.90 240,699 21.33
Closing perimeters
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Table 3. Reserves statistics — Sustainable mining perimeters (thousands of tonnes)

Group/ Lonea Livezeni Vulcan Lupeni TOTAL

Category Qu.ant A(‘%h Quant. A(‘;:)h Quant. A(‘;:)h Quant. A(‘;? )h Quant. 'A(‘;? )h
Ab 785 | 19.23 113 | 2247 251 | 24.75 1,117 | 27.82 2,266 | 24.24
Bb 362 18.25 1,246 29.78 308 27.26 1180 26.87 3,096 27.07
Ab+Bb 1,147 | 18.92 1,359 | 29.17 559 | 26.13 2,297 | 27.33 5362 | 25.87
Clb 21,501 | 18.79 70,176 | 23.74 | 22,997 | 2136 | 29,379 | 24.48 144,053 | 22.77
A+B+C1 22,648 18.80 71,535 23.84 23,556 21.47 31,676 24.69 149,415 22.88
C2b 0 0.00 4949 20.18 13 26.47 0 0.00 4962 20.20

Total recoverable
(proven) geological 22,648 18.80 76,484 23.61 23,569 21.48 31,676 24.69 154,377 22.80
reserves

Aaf.b 59 15.00 1,390 27.08 288 29.61 471 30.41 2,208 27.80
Baf.b 317 13.81 1,710 29.72 288 17.73 756 26.27 3,071 26.10
Claf.b 39,769 17.16 53,225 20.81 24,389 21.42 34,304 22.05 151,687 20.23
C2af.b 4,280 19.12 36,875 22.74 8605 20.66 16 27.40 49,776 22.07

Total probable

- 44,425 17.32 93,200 21.83 33,570 21.26 35,547 22.25 206,742 20.84
geological reserves

Total geological
reserves
Sustainable
perimeters

67,073 17.82 169,684 22.63 | 57,139 21.35 67,223 23.40 361,119 21.68

Based on the data presented in Tables 1, 2 and 3, the reserves of hard coal are as
follows: 455.732 millions of tonnes in the closed mining perimeters Lonea Pilier, Petrila Sud,
Délja, Aninoasa, Valea de Brazi, Campul lui Neag, 240.699 millions of tonnes in the closing
mining perimeters Petrila, Paroseni, Uricani and 361.119 millions of tonnes in the sustainable
mining perimeters Livezeni, Vulcan, Lupeni —leading to a total of 1,057.550 million tonnes.

Of the total reserves, only the recoverable (proven) reserves are available for
valorization, as follows: 243.556 million tonnes in the closed mining perimeters, 89.016 million
tonnes in the closing mining perimeters and 154.377 million tonnes in the Sustainable
perimeters, totaling to 486.949 million tonnes. To note that within the closed mining perimeters,
the recoverable (proven) reserves belong over 90 percent to category C1 of reserves.

As it can be observed from table 4, the reserves from the active mining perimeters,
including the closing and sustainable perimeters, amount to 94.189 million tonnes which are
currently available.
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4. CONCLUSION

Based on the current organizational structure of the coal system, the 2013 coal
production from the active mining perimeters, respectively closing perimeters Petrila, Paroseni
and Uricani and sustainable perimeters Lonea, Livezeni, Vulcan and Lupeni amounted to 1.5
million tonnes (0.4 million tonnes, respectively 1.1 million tonnes), with a heating value of
3,600 kal/kg; this resulted in 2,700 GWh/year, for combustion factors representative of the
current technology of 3.6 Gkal/t hard coal of Jiu Valley and 2 Gkal/Mw), representing about 5-
7 percent of the electric energy produced in Romania, this being 54,358 GWh/year.

Given the energy balance, 94 million tonnes of hard coal from the currently proven
reserves in the active mining perimeters can sustain the coal consumption for the next 60 years.

The recoverable reserves from the closed and closing mining perimeter can also be
valorized through alternative methods, such as internal combustion.
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ANALYSIS OF MECHANIZED MINING TECHNOLOGIES
FOR THE ROMANIAN ROCK SALT DEPOSITS

ILIE ONICA®
EUGEN COZMA*

Abstract: In the present, for the Romanian rock salt deposits mining are used some
rock blasting mining methods and technologies. The goal of this paper is to analyse the
possibilities of mechanized extraction of the rock salt by using the road headers and to design
the appropriate mining methods in these geo-mining conditions.

Keywords: rock salt deposit, mining method, rooms and pillars, mechanized
technology, roadheader

1. ROADHEADER SELECTION FOR THE TECHNICAL AND GEO-MINING
CONDITIONS

The roadheader is a self-propelled unit mining machine that ensures the cutting and
loading of the rocks inside horizontal or inclined underground workings (galleries or inclined
opening and preparatory workings, tunnels, short mining faces, etc.).

The main technical and geo-mining conditions requested of the road header are the
following [5], [6], [7]:

-To be able to excavate a transversal section profile of the mining rooms at the
designed section;

-To be able to achieve the average annually production capacity of the saline;

- It should be a roadheader with successful world experimentation, in the similar
mining conditions of the rock salt or other evaporate rocks;

- It should have very good reliability, be very easy to maintain and operate and should
ensure the best conditions of underground health and safety;

The main technical and geo-mining selection criteria of roadheaders should be based
on the following requirements:

-To cover the transversal section sizes of the working;

-Correlation of the strike and transversal dips of the mining workings with the
technical possibilities of the roadheader;

-Penetration of the roadheader tracks in the underground working floor;

-The main performances of the roadheader (instantaneous cutting rate and specific
cutting picks consumption [1], [8]).

- The consumption of cutting picks needs to be as low as possible [1], [8];

- It should be possible to use an electrical power supply, in the conditions of the
existent energetic system of the saline;

* Prof. Ph. Dr., at the University of Petrosani
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- It should be a roadheader with successful world experimentation, in the similar
mining conditions of the rock salt or other evaporate rocks;

- It should have very good reliability, be very easy to maintain and operate and should
ensure the best conditions of underground health and safety;

The main technical and geo-mining selection criteria of roadheaders should be based
on the following requirements:

-To cover the transversal section sizes of the working;

-Correlation of the strike and transversal dips of the mining workings with the
technical possibilities of the roadheader;

-Penetration of the roadheader tracks in the underground working floor;

-The main performances of the roadheader (instantaneous cutting rate and specific
cutting picks consumption [1], [8]).

2. MINING TECHNOLOGY BY USING THE ROADHEADER

2.1. Mining method description

At the Romanian rock salt deposits, in the most saline, are used the mining method
with rooms and square pillars, with the plain ceiling [2], [3], [4]. The characteristic parameters
of these methods are:

-the roof (crown) pillar of the rock salt deposit has a minimum thickness of 30m;

-the floor pillar has a minimum thickness of 25 m;

-the marginal pillars have a minimum thickness of 8 m;

-the mining pillars, between rooms, are a square shape with sizes of 14x14 m, until
18x18 m, depending on the overburden, and the height of 8m;

-the mining rooms have a plain ceiling, with the width ranging from12 m until 16 m,
depending on the overburden of the mining level, and the height of 8 m.

2.2. Establishment of the mining technologies and the face equipments

As a result of the research carried out by the paper authors, for the mining method with
rooms and square pillars, the mining face technology recommended involve the Sandvik MR-
520 roadheader (Fig.1) and the loading with the roadheader in the Renault Kerax 420/42 trucks

(6], [7]-

Fig.1. Sandvik MR-520 Ro

o )
adheader
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The rooms with the sizes of 8 x 12 m will be mined in two slices with 4m thickness,
and every slice is extracted in two strips with the width of 6 m until 8 m. At beginning, is mined
the upper slice, in advance with a room, after that is mined the lower slice.

The main stages of the salt mining process are the followings:

a) the driving of the preparatory gallery on the upper slice of the mining panel of the
level;

b) the cutting and the loading with Sandvink MR-520 roadheader in the Renault Kerax
420/42 trucks;

c) the checking and the excavation jowling of the face.

2.3. The cutting with the Sandvik MR 520 roadheader

The Sandvik MR 520 roadheader is a ripping or transversal roadheader (with the
rotational axe of the cutting heads parallel with the working face). The cutting arm revolves
after the horizontal plane, along the entire face. When the cutting heads penetrated the face, is
regulated the cutting depth ”X”. Before the every horizontal cutting, the cutting head is
regulated for the cutting thickness 7Y™, penetrating the rock salt face on a supplementary depth.
The cutting depth and the cutting thickness are calculated in function of the rock salt physical
and mechanical characteristics.

The rock salt face penetration is achieved by the road header arm adjustment or the
roadheader motion, whereas the cutting arm revolves in horizontal way.

The loading table, in the cutting operation, must be set on the floor for loading the rock
salt during the roadheader advancement. After the initial rock salt face penetration, by the arm
motion, is cut a floor kirve along the entire cutting width and is regulated the cutting depth ”Y”
and is revolved horizontally the arm. The cutting is made in shuttle way, on entire rock salt
surface.

The rock salt extraction from the rooms, between the square pillars, is achieved in
conformity with the stages shown in the Fig. 2 and 3.

The rock salt mining is provided into a two successive slices (first slice and second
slice) with height of 4 m, into an established order. Every slice with 4 m of height, from every
room (with total height of 8 m and the width of 12 m until 16 m) is mined in two strips with the
width of 6 — 8 m. From the technical characteristics of the Sandvik MR 520 roadheader, results
that maximum sizes of the transversal profile, possible to be extracted with the roadheader,
situated into a single position are: the maximum height of 5.2 m and the maximum width of
8.32 m (the covering values for a strip with height of 4 m and the width of 6-8 m).

In the case of the width of rooms of 12 m, the road header cut the rock salt working
face, from a single position, in the arc of a circle with the length of 6.3 m, and the rotation angle,
left-right, in the horizontal plane, of the cutting booms is about 31.5° (Fig.2 and Fig.3).

The technological process of a slice mining, from the total of four slices,
corresponding with the transversal section of a room, involves the following cutting stages:

Stage 1: From the stationary position of the roadheader, focused on the strip axis with
the sizes of 6 m x 4 m (section of 24 m?), the cutting crown penetrate the rock salt massive at
the on of the strip extremity, on the width of 2.38 m (with of the cutting head) and a depth of
0.625 m (half of the crown diameter) and a height of 1.25 m or 1.3 m following the vertical
curvature of the face (the rock salt detached volume is about 1.58 mq);
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Stage 2: The cutting of horizontal Kirve continues with the displacement of the cutting
crown in a horizontal plane, until the right extremity of the face, achieving a floor kirve,
following the entire arc of 6.3 m (the excavated rock salt volume is 2.6 m3);

Stage 3 and 4: After a strip floor extraction of 1.25 m, is continued the rock salt
extraction, following the vertical plane, of a width face portion of 3.0 m (or 3.15 m, following
the arc length), by the vertical displacement of the crown, with 20-30 cm left-right motions,
which leads to ascendant cutting of a rock salt volume about 5.7 m3 (excavated sizes of the rock
salt being: cutting step of 0.625 m, height of 2.9 m and the width of 3.15 m).

The stages 1, 2, 3 and 4 are repeated, also at the second strip from the first slice, after
that in the second slice, for to reach the designed sizes of the mining rooms.

After the achievement of the step of 0.625 m, the roadheader is retreated, is put on the
center, and the cycle is repeated, until it is extracted the first strip on the 15 m length, after that
the roadheader is retreated in the back with 15 m and is cut the second on a length of 30 m. The
previous stages shown in the Fig.2 and 3 are repeated along the entire rooms’ length at the
second strip and after that, in the others strips of the second slice.

3. TECHNOLOGICAL STAGES OF THE ROOMS MINING

The technological stages involved by the process of the rock salt mining using the road
header, in the case of rooms and square pillars mining method [6], [7] are shown in the Fig.4-11.
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4. CONCLUSIONS:

- Sandvik MR-520 roadheader accomplished all the technical, constructive, operating
and reliability requirements by report to the technical and geo-mining conditions, imposed by
the Romanian saline, for an efficient mining of the rock salt deposits, from of economical and
technical point of view.

- By the mechanized mining of the rock salt, the rooms could be with 1-2m larger then
in the case of the drilling-blasting cutting system, increasing the recovery rate.

- At the mechanized extraction of the rock salt, are reduced the cost of the rock salt
tonne and also the risks.
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TECHNICAL-ECONOMIC INDICATORS FOR THE
ASSESSMENT OF TECHNOLOGICAL SCHEMES OF
MINES

INGA ROSIORU*
NICOLAE ILIAS*

Abstract: In order to assess mining technological systems, the following three
operational indicators are suggested: level of mining technology, level of concentration of
workings and level of mine workings intensity. These technical-economic indicators allow both
to evaluate the scheme and the technical solutions chosen for the exploitation. The main
characteristics of a mine are the production capacity and the duration of service of a mine. In
order to determine the production capacity, an algorithm is proposed that allows different
technological variants and solutions to be analyzed, based on recommended technical —
economic indicators.

1. MAIN CHARACTERISTICS OF A MINE

The main characteristics of a mine are production capacity and duration of service.
Production capacity of a mine is called characteristic, showing the quantity of useful mineral
substance extracted in a time unit (24 hours, year).

Production capacity determines the quantity parameters of the entire complex and the
main technical-economic indicators of mine functioning.

The service duration of a mine is equal to the period in which the industrial reserves of
a seam within the mining field are exploited.

There is a correlation between the annual production capacity of a mine Aa, its
duration of service Ts and the magnitude of the mining fields’ industrial reserves Zind :

z

ind

T =
= @)

The total duration of service of a mine Tt will be a little larger than Ts, since the time
required to achieve the mine production capacity and restriction of activity towards the end of
the reserve exploitation is added to the calculated duration:

T, =T, +t+t, (2)

Where:
t1 - time the mine’s designed production capacity is reached,

* Ph.D Student, University of Petrosani
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t2 - time the activity is restricted towards the end of the reserves exploitation.

When the mine’s annual production capacity and the existence are established, there
usually are two cases: seam reserves are limited; seam reserves are unlimited.

In the second case, to reach the mine’s probable production capacity, statistic method
or the variant of placing workers in technological processes and operations are recommended.

Determination of production capacity of a functioning mine. As basic methodical
document to determine the production capacity of a functioning mine, “Calculation instructions
for bituminous coal mines production capacity” should be developed, which should provide the
following assertion: “The production capacity of a functioning mine is determined as being the
smallest resulted from the transfer capacities of the leading technological processes(links),
namely: mine working faces, underground transport, extraction(hoist), technological complex at
the surface and ventilation.”

Calculation of the mine production capacity is a laborious problem requiring
algorithms and programs to be developed, allowing determination of mine production capacity
for any conditions(with various face equipments, with any underground transportation scheme
etc.).

Unit 3 determines the transfer capacity of the transportation with conveyers along the
passage “face — loading point on the principal transportation gallery”, which is determined by
the minimal transfer capacity of the transportation means, along each route.

Unit 4 determines the transfer capacity of the principal transportation gallery along the
route “loading point in the sector — shaft ramp”. The calculation can be made both when
engines are used in the principal gallery and in case of conveyers.

Units 5 determines the transfer capacity of the shaft ramp as being the smallest of the
transfer capacity of the shaft ramp as being the smallest of the transfer capacities of the
workings of the shaft ramp(in case of engine transportation).

Unit 7 determines the transfer capacity of the extraction (hoist).

Unit 8 makes calculations for the technical possibilities for ventilation conditions for
which the air flow required to be brought to the mine is determined. Afterwards, the production
determined from the mine workings faces being known, the air flow passing through the fan
determines the technical possibility of the mine according to ventilation conditions.

Unit 9 determines transfer capacity of the surface technological complex for which the
transfer capacities of the “collecting silos - loading in railway cars” and “collecting silos —
emergency deposit” are assessed.

Unit 10 determines the mine production capacity as the smallest of the leading
technological processes (links) transfer capacity.

Unit 11 prints the calculations. Besides the mine’s production capacity, the transfer
capacities of the leading technological processes, and the nominalization of the least productive
equipment(“narrow spaces”) in each leading technological process are pointed out.

In the design of coal mines, the parameters and characteristics of the enterprise are also
founded, therefore with the passage of time makes it more progressive and efficient.

In order to carry out completely and objectively the adopted technological solutions
and the chosen technological schemes of the mine, technical-economic indicators should be
used, which could be structured in 3 groups: technical-productive indicators, economic
indicators and geological-mining characteristics.
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Fig. 1. Algorithm diagram of determination of production capacity of an active mine

2. ELEMENTS FOR THE ASSESSMENT OF THE MINE’S
TECHNOLOGICAL SCHEME

To assess the technological scheme of a mine, with a sufficient depth of prognosis and
truthfulness of technical solutions chosen, it is considered that the following indicators and
parameters should be adopted:

» Work productivity of the worker in the mine production, t/shift(t/month);

* Work consumption for 1000 t average production of the mine, year-shifi/1000 t;

* Indicator of the mine technological level, expressed by the number of jobs of workers
in production, for 1000 m2 exploited area of seams in 24 hours, jobs/1000 m2;

* Mine production capacity, t/shift(mil. t/vear) determining the concentration level of
production,

* Face capacity, t/day;

* Indicator of the mining working concentration levels, expressed by the magnitude of
the exploited area of the seams an average per hour, for an active face m2/h;

» Parameters of the opening, preparation, and exploitation system of the mining field;

* Indicator of the mining workings level of intensity, calculated in m2/day or m2/hour
exploited seam area, for an active face:



42 ROSIORU INGA, ILIAS N.

a) Length and volume of opening and preparation workings, which is done during the
entire service duration of a mine for 1000 exploited strata area in the mining field, actually
determining the technical level of the opening and preparation systems of the mining field;

b) Length and volume of mining workings for the opening and preparation of the
mining field;

c) Length and volume of opening and preparation workings for the mining field, done
for the entire service duration of a mine, for 1000 t industrial reserve of the mining field, on
which the work volume and the time of mine construction, the investment costs and
amortization costs depend.

d) Length and volume of mining workings for 1000 t annual production capacity of a
mine, which are adopted in the designing stage of a mine and determining the work
consumption, construction or reconstruction time and the specific capital expenses.;

e) Length of mine workings to be maintained for the average daily mine
production(km/1000 t), determining the number of workers for mine workings maintenance and
in some degree for transportation and therefore the work consumption and the cost of those
workings during exploitation;

* Indicators for preparation and exploitation systems of production sectors, namely:

a) Length and volume of preparation workings for 1000 t industrial reserve of
production sector on which the expenses for their execution within the coal price depend:;

b) Number of preparation workings simultaneously executed in a production sector;

c) Length and volume of preparation workings and faces executed in a mine in 24
hours for 1000 t capacity of daily production of a mine, on which the work consumption and the
execution cost for 1 m working, and therefore the share of expenses for this kind of
consumptions in the coal price depend(along with the previous indicator);

d) Number of workings that should be maintained before the faces, for 1000 t of the
daily production capacity of a mine;

e) Number of workings that should be maintained from the side of the exploited space
of the faces, for 1000 t of the mine’s daily production capacity;

f) Length and volume of preparation workings of production sectors that should be
maintained, for 1000 t of the mine’s daily production capacity, on which the work consumption
and the cost of maintenance for these workings and in some degree for transportation within the
production sector entirely depend, along with the two precious indicators.

3. INDICATORS FOR THE TECHNICAL-ECONOMIC ASSESSMENT OF
THE COAL MINES’ TECHNOLOGICAL SCHEMES

To assess the mining technological systems, the following three operational
indicators are considered the most important: indicator of the mine’s technological level,
indicator of the workings concentration and indicator of the mine workings intensity.

3.1. Indicator of the mine’s technological level

The technical level indicator is meant to assess the share of each technological process
of a mine, in the general level of technology in the mine.

From this point of view, the most preferable indicator of the technological level of a
mine is work consumption for 1000 t of the daily production of a mine.

The expression to determine the technological level of a mine Nm has the following
form:
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Where :
Pm — number of jobs in extraction in 24 hours;
Sm — area of exploited strata in 24 hours, m2;
A — daily production capacity of a mine, t;
m — stratum’s average thickness, m;
v — volumetric mass of coal, t/m3.

3.2. Indicator of the concentration level of the workings

The notion of concentration of working in mining industry is made up of two principal
elements: production concentration and mining working concentration.

The main indicator, with the help of which the production concentration level is
determined, is the production capacity of a mine. If the production concentration level is
expressed by the size of the mine’s production capacity, then as its main indicator, the total
level of faces for 1000 t of daily average production of a mine is considered.

The indicator of the concentration level of the mining workings Kec.. is determined with
the formula:

_1000m, ,
A

Kr.!. (4)
Where:
nta — total number of mine faces;

A — daily average production of a mine, t.

Thus, the adopted indicator of the working concentration Kcl is expressed by the
relationship of the total number of faces related to 100 t daily production of a mine.

The concentration of the workings in a mine is a notion determining the degree of
concentration workings in the mining field. Its level depends on several factors: total number of
faces and preparation faces in a mine, number of panels, blocks, strata and levels that are
simultaneously exploited in the mining field, the length of the mining workings.

The principal factor determining the concentration level of the mining workings is the
total number of the faces in a mine, ensuring its production. The fewer the faces or their specific
indicator (total number of faces rot 100 t daily production of a mine), the fewer the panels,
blocks, strata and levels that are exploited simultaneously. This, in its turn leads to lessening of
the specific extent of the mining workings in a mine.

With the increase of the concentration level of the mining workings, the specific
capital costs and basic funds for mining workings are reduced, the costs with work consumption
and means for mining working maintenance and in some degree for transportation are reduced,
leading to a cut down of the final balance of work expenses and expenses for this kind of
workings (in the cost of coal, etc.).

The increase of the concentration level of the mining workings leads to the decrease of
the basic funds, of the exploitation consumption and increase of work productivity, therefore
leading to a cut down of the coal price and related costs, increase of economic efficiency and
production.
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The considerable reduction of the number of faces providing a mine’s production
capacity, that is increasing the concentration of mining workings, is only possible based on the
increase of production at the face.

Therefore, the face production is the principal determining factor, ensuring production
increase in panels, blocks, strata, levels, improving thus a mine’s technical-economic indicators.

The achievements in the field of underground exploitation technology and method
opened ways to considerable increase the face’s production capacity, which in its turn
contributed to the subsequent increase of both the concentration level of the workings, and the
production capacity of a mine — the main indicator of production concentration.

3.3. Indicator of the mining working intensity

As indicator of the mining working intensity Il.m., the size of the strata exploited in
average per hour (day) for an active face is adopted.

The formula to determine 1l.m. has the following form:

4 (5)
im —
24n__my
Where: aae
na.a. - number of active stopes;
m - the average thickness of the strata, m;

v - volumetric mass of coal, t/m?3.

When comparing the versions of technological schemes or the technologies of
performing stope works, for the same intensity geological and mining conditions of mining
works it can assess the speed of advancement of the workings or or the average amount of coal
extracted from the stope in 24 hours.

In order to lay a foundation for the technical level indicator of the opening and
preparation workings, the mining field is analyzed, its dimensions by direction are noted with
Sc.m., by inclination with H, and the total extent and volume of the opening and preparation
workings of the mining field, effected during the entire period of mine service, by L and V.
Thus, the specific length and volume (Vs)of these workings for 1000 t industrial reserves can be
determined with the formulae:

__1000L ©)

s T ' s
HS_, mjye

_ 1000V
*  HS_mjc ()

Where:

¢ — extraction coefficient of the reserve.

If in the formulae (3.4.) and (3.5.) L, V, H, Sc.m. — are constant, then the magnitudes
Ls and Vs will depend on the values of m and v, that is for the same dimension of the mining
field, strata depth, technical solutions and parameters of the opening and preparation system,
specific values of the extent and volume of the mining workings for 1000 t industrial reserves
will depend on the thickness and volumetric mass of coal strata.
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Thus, as indicator of the technical level of the opening and preparation of the mining
field, the specific length and volume of opening and preparation workings of mining fields for
1000 m2exploited area of the strata are considered.

The adopted indicators allow both the mine’s technological scheme, and the technical
solutions selected for exploitation to be assessed.

The mine’s technological schemes applied in determined geological-mining conditions
with optimum values of the above mentioned indicators, provide not only minimal work
consumption, but also minimal costs.

4. CONCLUSIONS

Restructuring coal industry, its being made efficient require a systemic combination
between technological, economic, environmental and social aspects

The technological scheme of a mine can be considered a system including basic and
auxiliary technological schemes, and the totality of mining workings of opening, preparation
and extraction, as well as mechanisation and automation means of the basic and auxiliary
processes, allowing the extraction of useful mineral substances by a determined work
organization.

The objective function of a mining system is assessed by efficiency; therefore the
technical and economic indicators should be analyzed.

The main characteristics of a mine are its production capacity and its duration of
service.

In order to determine the production capacity, an algorithm is proposed allowing the
analysis of various variants and technological solutions based on technical —economic
indicators.

A mine’s efficient operation requires a rational structure for the technological scheme
of the mine to be established, where conditions are created for a quasi-continuous activity of the
faces.
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CALCULUS OF SUPPORTING CAPACITY OF THE PILARS
AND FLOORS NETWORK FROM ROSIA MONTANA
CETATE QUARRY

MIHAELA TODERAS*

Abstract: Full exploitation of the Cetate quarry massive from EM Rosia Montana was
made in the conditions of existence the underground voids networks under the platforms
quarry, these goals resulted from old mining exploitations. Some of these voids can not be
defined precisely because of their chaotic development and their removing step by step, as the
quarry level descent, based on special programs adapted along the way to the realities of the
land. Another part of the underground cavities, namely those resulting from the previous
exploitation by rooms and pillars method is contoured on the maps of exploitation allowing the
access of peoples inside them, for any controls and inspections. The platform quarry reached
the level of upper bottoms of the breccia and will proceed to exploitation those contained in
pillars and floors. In the dacite area of massif, the quarry would have in exploitation one bench
up to reach of the level of bottoms opposed unlike the “Coranda” cavities whose removal
impose drawing out this perimeter of the proper quarry and considering a protection berm and
filling progressively the cavities with the dislocated ore from western of quarry without prior
filling the existent cavities. In this regard, the work bench of quarry would take a height
corresponding to level difference between two successive bottoms and the equipments existent
on the platform to work practically under the intermediate floors between bottoms. Given that
this working mode assumed that the quarrying take place directly over network overlay cavities
of underground, it follows that the security working depends directly of the stability of the
pillars and floors below, which must resist both to the loads caused by equipments on the
platform and the dynamic loads resulting on blasting.

Key words: quarry, stability, resistance, floor, pillars, floors, bearing

1. GEOMETRICAL CHARACTERISTICS OF ROOMS, PILARS AND
FLOORS NETWORKS IN BOTTOMS ZONE

The dimensional characteristics of the resistance network on the bottoms perimeters
which are proposed to exploit, can be conditioned by the fact that [1], [3], [4]:

a) Each horizon exploited (bottom) has a different extension in plan, but there are
enough large areas where all bottoms are overlapping; in the breccia zone there are eight
bottoms; in the dacite zone, above the + 873 m level we find only four overlapping bottoms,
and the others four are immediately below the respective level. Taking into account the
interaction of them, we consider that in the dacite zone there are eight overlapping bottoms too;

* Assoc. Prof. Ph.D. Eng. at the University of Petrosani, toderasmihaela@yahoo.com
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b) In the overlap zone of bottoms, the pillars were not positioned over each other
which create a more disadvantage load;

c) The pillars dimensions are variable and in calculus will consider the work height as
3.5 m (figure 1);
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Fig.1. Maximum opening of the floor

d) opening rooms range from minimum 2 to 2.5 m and maximum 4.5 to 5 m.
considering that the openings greater than 4 m are sporadically and that they are in the edge
areas where are recorded only overlap of most 2 or 3 of the existing bottoms, we considered that
an opening of 4 m is lower and sufficiently to be generalized as parameter of calculus;

e) Thickness load bearing of the floors is smaller than the real one, standing at more 2
m in the breccia zone and 3 m in dacite zone. We mentioned that in the voids network located in
dacite, the real thickness of the floors is about 5 m, but due of the fissuration we will consider
that only 3 of this real thickness are supporting.

The different opening of rooms (minimum 2 to 2.5 m and maximum 4.5 to 5 m) has
not imposed further measures, given that the openings greater than 4 m have met only
sporadically and just in the edge zones where were registry only overlap of no more 2 or 3 of
existing bottoms, see Table 1.

Table 1. Geometrical calculus parameters of pillars — floors network stability

No. Calculus parameter U.M. Value
1 Thickness of floors - network of breccia m 20

' between the bottoms (h) - network of dacite '
2. Width of rooms (I1) m 4,0
3 Maximum opening of floors considered on the

. . . : m 5,7

diagonal intersection between two rooms (I)
4, Height of the pillars (H) m 3,5
5. Load bearing section of pillars (S) m 2,5x24
6. Slenderness ratio of pillars o, — 32 - 0,7
H

Concerning the floors, we mention that the bearing thickness was less than the real,
standing at more than 2 m in the breccia area and 3 m in the dacite area (see table 1). In the
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voids network located in dacite, the real thickness of the floors was about 5 m, but due to brittle
in the calculus of stability we considered that only 3 m of this real thickness is load bearing [6].

2. ROCK COMPONENTES CHARACTERISTICS OF PILLARS - FLOORS
NETWORK

The bottoms of Cetate massif from Rosia - Montana mine are located in breccia and
dacite. The analysis of the geological fractions taken from in side of bottom showed that most
of them fall into the following varieties: silicified mixed breccia; poorly fractured dacite, table
2. In term of physical — mechanical and strength characteristics (instantaneous and in time),
these varieties were analyzed in detail in [3].

Table 2. The calculus values for the strength parameters of rocks

No. SPECIFICATION U.M. BRECCIA DACITE
1. | Bulk density, y N/m? - 10* 2.5 2.6
2. | Compressive strength, o N/m? - 10° 550 210
3. | Tensile strength, ot N/m? 86.4 58.8
4. | Shear strength, o N/m?2 127 227
5. | Cohesion, C N/m? - 10° 21 15
6. | Angle of internal friction, ¢ grade 38 36
7. | Elastic modulus, E N/m? - 10* 201950 245500
8. | Poisson’s coefficient, - 0.126 0.304
9. Limit degree of load, A - 0.6 0.7
10. | Admitted velocity of the vibration m/s 0.05 0.04

3. WORK SYSTEM PREDICTED TO REMOVAL THE BOTTOMS

From the work schema, it resulted that during of 6 successive benches the quarry’
platform itself will consist practically of a floor of 2 m thickness in the breccia, respectively 5 m
in dacite, the floor that initially has 33 m in breccia area and 54 m in dacite and which in turn is
based on a complex system of pillars and intermediate floors extended in depth. In order that
the quarrying be carried out properly is necessary to ensure both the stability of the upper floor
which is actually the bottom of quarry as well the stability of all resistance structures placed
below that support this floor.

In the existing pillars and intermediate floors network, any loss of stability exercised to
one of the elements founded at lower levels can lead a falls’ chain transmission up to the
quarry’ level. Until now, the stability structure has not suffered during the 40 years of existence,
and at the first sight the situation doesn’t seem to change worthless, if it’s considered that with
the descent of quarry the charges that weigh on the system was considerably diminished. But, if
by descending quarry the static charge on the whole system continuously decreased, at the same
time began to visibly increase the dynamic loads due to the current quarry’ activities. Thus, near
the working front will soon reach that the quarry equipments (excavators, dumpers, bulldozers,
drilling machines) work on a floor with a thickness capacity that has not been seen so far, then
blasting operations will be even close to that floor, fig.2.
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Fig.2. Work schema to removal the bottoms.

Initially, this system was extended to a depth of 33 m in the breccia zone and
respectively 54 m in dacite. In order that quarry exploitation to be conducted adequately it was
necessary to ensure the stability both of the upper floor representing in fact the bottom of
quarry, and the equilibrium of entire resistance system located under the bottom of quarry. In
the existent pillars and intermediate floors network, any loss of stability appeared at one of
these elements situated at lower levels, can generate the chain transmission of cave-ins up to the
quarry. It should be noted that throughout the period of over 55 years of exploiting of the
deposit for Rosia Montana mining perimeter, the equilibrium of the resistance structure was
preserved, although with considerable lowering of quarry and reducing the loads that acted the
system, increased the dynamic loads from current activities of quarry.

In order to apply in complete safety of this working system, it was taken into account
on the one hand of course the bearing strength of pillars - floors network under loads conditions
generated by equipment used in quarry and minimum dimensions of the resistance elements,
and on the other hand the maximum explosive admitted quantities and actually all blasting
parameters according to the reserve of bearing strength. Verifying the possibilities of applying
in complete safety of the predicted work system includes two stages, namely:

a) Determine the actual bearing strength of pillars — floors network under loads
conditions generated by the equipment proposed to work in quarry and minimum dimensions of
the resistance elements;

b) Establish the maximum explosive admitted quantities and the other parameters of
blasting depending on the reserve of bearing strength resulted from the previous.

If, during the first stage of verification will appear that the pillars and floors between
bottoms have not actually a reserve of bearing strength or this reserve is too small to support the
dynamic effect of blasting, it means that the proposed technology can not warrant the complete
security and will be replaced. If will require a reserve of bearing higher than this one resulting
from the use of heavy equipment, they will be replaced with lower weight.

4. ACTUAL BEARING STRENGTH OF PILLARS - FLOORS SYSTEM

The security work in quarry is conditioned by the equilibrium of the all assembly of
pillars and floors, extended to a depth of 33 m in breccia zone and respectively 54 m in dacite
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area. The danger of a major accident occurring both in the event of breaking the floor where the
machines work directly and in case of breaking a floor or pillar in depth that can lead to a chain
collapse of the entire upper structure until to the level quarry. Consequently, verification of the
bearing strength will expand the full depth of the bottoms; that can be do for all the real cases of
position of pillars and floors network, but only for the case to be considered the most
disadvantageous in term of loading. For shaping this limiting case, you must set the following:
which is the horizon most loading; which is the maximum load that supports the pillars and
floors located within the most loading horizon. After these principal elements are established,
we make the calculus of bearing strength to determine the effective bearing reserve in the most
loading horizon. In the aspect of this, is clearly that this horizon is the lowermost; his structure
supports both the weight of upper bottoms and the machines of quarry too.

As we move above the load decreases, reaching the upper floor of the network to
support only the weight machines running on it. The maximum charge on the horizontally
structures depends on the positioning of the pillars and floors towards above the element
consider. The pillars of bottoms are not perfectly overlapped, contrary, every bottom was
independent developed; the pillars were outlined without any coordination with those of the
upper and lower bottoms. Thus, there appeared infinite mutual positioning between the pillars
of each horizon, impossible to represent in a reciprocal calculus schema. For this reason, in the
following calculus we chose an hypothetical schema unidentified practically in situ, but that
which will constitute the worst case of all the possibilities theoretically possible. This schema,
fully enclosure, was differentiated between the particular situation of pillars and floors
respectively [1], [2], [5]. She corresponds to the following positions: for pillars, continuous
multilayer pillars column until the level of quarry, with the heaviest equipment stationed above;
for floors, identically column of pillars like the previous case, positioned on the middle of
opening floor.

In the case of these positions, the pillars and floors of the last horizon must resist to the
following static loads: own weight; weight of overlying rock; weight of the great equipment of
quarry or of the blasting rock. It should be note that the pillars are quite closer and than they can
take either a weight of blasting rock, either the excavator weight of 75 tf that is the bigger on
bottoms, or the loads transmitted by the running dumper trucks or other equipment easier. Since
the loads of quarry can not be cumulated, the maximum individual load will be considered.
Determination of the maximum load is further determined by comparing the individual values.

4.1. Weight of blast rock
Rock weight is determined by the relation:

Qr=v.h [N/m?] 1)
where:
va — bulk density of rock; h - height of bench.
Ya - 104 N/m? h [m] Qr [N/m?]
Breccia 2,5 55 13,75 - 10*
Dacite 2,6 8,5 22,1-10%

4.2. Load develop by SC 3602 excavators and dumper trucks of 16 tf
The pressure on the soil of the excavator is 122tf/n?. The seating surface is greater than
the surface of pillar, but it is retransmits entirely to the pillar. Taking into account that the
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excavator is moving equipment, the total load will be about 10 % higher than the static pressure
on the soil.

Q. =11-122-10* N/m?
Q. =1342 N/m?

The total weight of dumper trucks is 26 tf, which major with the dynamic coefficients
will send to a single pillar:

Qu=22fp, 10" [N

p

where:
S, — bearing surface of a pillar: S, = 2,5 - 2,5 = 6,25 m?, B1 — stress concentration
coefficient, B1 = 2,5; B2 — increase coefficient of static load: 3, = 1,25.

26
=——.25:125-10° [N
Qu=525 [N]

The maximum loads from quarry due to the blasting rock and rich to the values:
Q. =13,75-10° N/m? - in breccia zone

Q,., =221-10° N/m? - in dacite zone

4.3. The bearing strength reserve of actual pillars
This reserve can be established from the general relation:

P, = 6yn—(cp+0,)- B [N/m?] )
where:
olim — bearing strength of pillar; oo — own weight of pillar; os — additional load that
consists in weight of overlying rock in the limit state hypothesis to which is added the quarry’s
loads; B - — increase coefficient of static load: for pillars § = 1,1.

The bearing strength of pillars is determined by the relation:
oum = P [2 4 F(a, )] [N/m?]
(04

where:

K — cohesion of material of pillars; D — load degree limit admissible of pillars; o -
fineness coefficient of pillars: o = width / height; F — mathematical auxiliary function
depending of fineness coefficient and angle of internal friction of rock on pillar: F = 6,5 for
breccia and respectively, F = 4,5 for dacite.

We will have:

- in breccia areas:
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o, =220-06 5 65).10° 21500-10 N/m?
0,714
- in dacite area:
150-0,7
G = -(2+4,5)-10* =955-10° N/m?®
0,714

4.4, Specific Own weight of a pillar. Additional load (cs)

These parameters will be established taking into account the rock type, the geometry
and respectively the number of existent upper bottoms considering each pillar and floor located
overhead one bottom. Thus, the specific own weight of pillar, is:

6, =17,5-10* N/m’ - for the pillars in breccia
c,=182-10" N/m? - for the pillars in dacite

Additional load (os) is composed of weight of overlying rock to which is added the
maximum load provided from quarry Qg = 13,75 - 10* N/m?, respectively 22,1 - 10* N/m?. The
overlying rock consists (in the adopted hypothesis) in the floor overlying immediately and the 5
upper bottoms, each of them comprising one pillar and the floor above it. Totally, they are 6
floors and 5 pillars, whose total specific weight reported to the pillar support surface will be:

= for the breccia zone:

o = 6-4°-2-25+5-25°-35.25-10*
o 2,5°
o, =(120,6 +13,75) -10% =134,35-10* N/m®
= for the dacite zone:
B 6-4°.5.2,6+5-25°-35-27-10"
o 2,5°
o, =(2452+22)1) -10* =267,3-10* N/m?
Returning to the basic relationship (1), finally we determine the bearing strength
reserve of pillars from the last horizon and the safety coefficient, c:
a) for the breccia zone:
P, =[1500- (8,75+134,35) - 11]-10*

P, =1343-10* N/m?
1500
C —_—

157
b) for the dacite zone:

P, =[955-(9,1+267,3)-11]-10°*
P, =651-10 N/m’

C=E = c¢=314
304
Therefore, it appears that in the worst case of load the pillars have a sufficiently

reserve of bearing enabling to carry out blasting in quarry.

=120,6-10° N/m?

=2452-10" N/m?

(¢

c=955



54 TODERAS MIHAELA

4.5. The reserve of bearing strength of floors
The basic relationship is:

P, =6y, — (0, +0,)-B-10° [N/m?]

The bearing strength of floors is calculated according to the relation:

2
climzcﬁ)(b—o,ooz—Tj.lo“ [N/m?]

|2

where:

o compressive strength of rock in floor; D - load degree limit admissible; h — bearing
thickness of floor; | — maximum opening of floor.
Adopting the appropriate values, obtain:
= for the floors in breccia:

2
0, =5500:08( 2 500 2] 4
12 \57 57

=319 N/m?

= for the floors in dacite:
2
_ 2100.0,7( ¥ 023 )104

Glim 2
12 57 57

Gym =326 N/m?
The own weight of one floor, will be:
= floor in breccia:

o, =25-2-10"
o, =510 N/m?

= floor in dacite:
C, =26-5-10*
G, =13-10* N/m?

The additional load consists from 5 pillars and 5 floors and the maximum load of
quarry, namely 13,75 - 10* N/m? and respectively, 22,1 - 10* N/m?. It follows that:
= for the floors in breccia:

o,=5(25%-35-25+572-2-25)-10' = o, =1086-10° N/m’

c,=150$f-2-104 = 0,=6685-10° N/m?
s, = (66,85+1375) -10* = o,=80,6-10' N/m’

= for the floors in dacite:
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o,=5(25°-35-2,6+572-2-26)-10' = o,=1129-10' N/m’

G,=253$23-2-104 = ,=695-10° N/m?
o, = (69,5+221) - 10* = 0,=916-10 N/m?

Finally, we establish the reserve of bearing strength of floors from the last horizon:
a) For breccia zone:
P =[319-(5+806)-1,25]-10 = P, =212-10° N/m?
319
C —

== = =298
107

b) For dacite zone:
P, =[326-(13+169,6)-1,25]-10* = P, =98-10° N/m?

c=326 ~ =143
228
Table 3. The reserve of bearing strength in actual bottoms networks from Cetate massif:

The b-e[;rt?nlg Actual Safety factor The avg:::ﬁ;hbearmg
element of | Rock statically load | to statically :
resistance strength [N/m?] - 10* load [N/m?]- 10° [%6]

[N/m?] - 10*
Pillars Brec_cia 1500 157 9,55 1343 89,5
Dacite 955 304 3,14 651 68
Floors Brec_cia 319 107 2,98 212 66
Dacite 326 228 1,43 98 30

5. CONCLUSIONS

Full quarrying of the Cetate massif from Rosia Montana was made in the conditions of
existence under the quarry’ platforms of networks of underground cavities resulted from the old
exploitations and from rooms and pillars exploitation method.

To pass to the exploitation of pillars and floors reserves, it was suggested a scheme
where the working bench of quarry would have a height appropriately level difference between
two successive bottoms and equipment on the platform to work practically on intermediate
floors between bottoms. Therefore, safety of the work in quarry is directly conditioned to the
stability of the pillars and floors below system, which must be resist both to the loads caused by
the machines on the platform, as well as dynamic loads resulting from the blasting. In the
existing pillars and intermediate floors network, any loss of stability exercised to one of the
elements founded at lower levels can lead a falls’ chain transmission up to the quarry’ level.
Due to this fact, was imposed an analysis of the bearing strength of pillars and floors made in
the two rock types in which they are achieved and implicitly their safety degree.

By descent the quarry, the static load on the entire system decreased continuously and
simultaneously began to increase visibly the dynamic loads from the current activities of the
quarry.
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Analyzing the results obtain from calculus it is found that in both structures — pillars
and floors, the elements most loaded are the floors; the bottoms structure located in breccia is
more resistant, the bearing strength reserve of them is high and thus will allow blasting a greater
guantity of explosives. For the most unfavorable load acting on the pillars, they have a reserve
of bearing sufficiently high as to enable safely blasting works in quarry.
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LANDFILL CAPACITY ASSESMENT AT WASTE DUMP
VALEA ARSULUI - VULCAN COLLIERY
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Abstract: Vulcan is one of the few active remaining collieries from Jiu Valley, in the
Meridional Carpathian Mountains. The paper deals with the stages involved in the process of
computerized design in order to evaluate the remaining discharge capacity and the various
over passed obstacles in order to gain all the necessary information available from different
sources. The solutions of the problem conclude the paper.

Keywords: subsidence modelling, heap capacity assessment, mining waste dump, Jiu
Valley colliery

1. INTRODUCTION

In 1989, the hard coal production exceeded eight mil. tons and over 60000 people were
involved in this mining sector. Since 1997 the Romanian mining industry confronted with a
massive restructuring process and as result many collieries from Jiu Valley (Délja, Aninoasa,
Petrila Sud, Lonea Pilier, Valea de Brazi, Barbateni) was closed or are in closing procedure
(Petrila, Paroseni, Uricani).

Vulcan is one of the few active remaining collieries from Jiu Valley, a hard coal
mining basin located in south west of Romania, in the Meridional Carpathians Mountains.

The Vulcan colliery is situated in the central part of Jiu Valley hard coal mining basin.
Currently, the mining activities in the Jiu Valley are carried out under the coordination of
“Societatea Nationala de Inchideri Mine Valea Jiului” within the mining perimeters of Petrila,
Paroseni and Uricani and under the coordination of the entity known as “Complexul Energetic
Hunedoara S.A”, created by the unification of several commercial entities, namely
“Electrocentrala Deva S.A.”, “Electrocentrala Paroseni S.A.” and “Societatea Nationala a
Huilei S.A.”; with purpose of electricity production using hard coal sourced from the mining
perimeters Lonea, Livezeni, Vulcan and Lupeni, (fig.1). (CEH Portal, 2014; SNIMVJ Portal,
2014).
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Fig.1. Location of Vulcan colliery in Jiu Valley hard coal basin

The Valea Arsului landfill location is in the valley of the Arsului creek, in the northern
side of Vulcan town (fig.2). The inclination of eastern and western slopes of the valley in cross
section is between 7 and 180. The inclination of the valley bottom in the heap area is about 50
(Florea et al., 2014).
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Fig. 2. Location of Valea Arsului landfill -Vulcan colliery

First studies on subsidence phenomenon occurred in Valea Arsului was conduct in
1981 and it can be seen the Arsului creek water accumulation in the subsidence trough (fig.3).

After the occurrence of water accumulation in Valea Arsului, this small lake migrated
to the south along the valley axes, following the subsidence phenomenon due to underground
coal extraction, with an average rate of approx. 10 m/year.

Landfill activity started here at late ‘90s. The rocks from the dump consist of rocks that
occur in the productive horizon, i.e. clay, marl, sandstone, argillaceous sandstone and
carbonaceous shale with different degree of granulometry and alteration (Pop, 1993; Lazar et al.,
2005). The granulometric composition of the stored material is very different; from millimeters
to tens of centimeters.
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Fig. 3. Small lake gnete b Asului creek water accumulation in
the subsidence trough - 1981

2. SUBSIDENCE ASSESMENT

Modeling was necessary because the subsidence phenomenon was not monitored and
the actual shape and position of base terrain was unknown. The shape and size of trough diving
were assessed using analytical methods (Dima et al., 1996), according to the geological
particularities of the coal deposit (dip and dept of coal seam).

In case of horizontal or low dip seam deposit (o < 25°) the maximum sinking is
represented by a symmetrical curve but in the case of average or large dip seam deposit (o > 25°)
the sinking curve is an asymmetric one (fig.4).

L1 Lz ‘

Hq

Fig. 4. The trough diving generated at extraction of a dip seam deposit
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Displacement g from symmetry can be calculated using the equation:

pE— 1)
1g(90° - 015 &)
where:
H- H, +H,
- 2 is the average depth between the minimum and maximum depth of

exploitation and
- a is the dip angle of exploited seam.
In this case H1= 294 m; H2= 41 m; o = 39°
For the Valea Arsului condition we have he average depth of exploitation H = 167.5 m
and the displacement from symmetry q = 17.16 m
The value of the maximum sinking can be calculated using the equation:

Sy=a-m-f-z

)
where:

a — is the sinking factor (for pressure routing methods through total collapse a=0.85);

m — seam thickness;

f — superficiality factor;

z —time factor (if the movement not yet stopped z=1)

For the Valea Arsului condition we have the maximum sinking value SO = 23.8m and
the location of maximum sinking point at middle distance between pillar 15 and 16 of electric
power grid. The lateral limits of the subsidence trough are visible on the eastern and western
slopes that borders the heap (fig.5, 6).

([

o
1

| Fig. 5. Breaking phenomenon caused by sinking of the land on the slope
from eastern part of the heap
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Fig. 6. Breaking phenomenon caused by sinking of the land on the slope
from western part of the heap
Based on subsidence phenomenon assessment, we proceeded to current land surface
modeling under the heap Valea Arsului.

3. SURFACE MODELING

As starting point we had an aerial survey from 1981 (fig.7) which was made before
landfill process started and the sinking phenomenon was in an early stage.

In the first stage, we digitized the level curves from this aerial survey (fig.8 - left). In
the second stage, we applied correction to this level curves, taking into account the results of the
sinking assessment and then we generte the dlgltal terrain model (flg 8 - right).

Fig. 7. Aerlal survey made |n'1981 in Valea ArsuIUI
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R
Fig. 8. Digitized level curves
digital terrain model of Valea Arsului with sinking phenomenon (right)

4. RESIZING AND DESIGN OF THE GEOMETRIC ELEMENTS OF THE
HEAP

Given the stability analysis results and the consequences of a possible landslide, it is
necessary to resize the geometric elements of the heap, so to have a minimum 30% stability
reserve, even under the most unfavorable geotechnical conditions. To establish the geometric
elements of the heap under slope stability conditions, can be used different graphic-analytical
methods as E. Hoek, which proved its valability in many cases, including fot the many heaps in
the Jiu Valley (Bancila 1., 1981; Florea M. N., 1979).

The method use a graphic to find the adequately value for the slope angle, depending
on the slope height and on the geo-mechanical characteristics of the rocks. The obtained results
of calculations are presented in the following table.

Table 1 Resizing of the geometric elements

H. [m] 9. [grads]
5=

1.3 1.5
5 56 47
10 41.5 35
15 34 29
20 30.5 26
25 28 24
30 26.5 22

After resizing calculation results that to have a geometry that satisfies the requirements
of stability, even in the presence of water in the heap body and/or in the case of the occurrence
of seismic shocks, it is preferable to construct and maintain the height of the slope of 10 m and
a maximum slope angle of 30°.

For a total heap height of 30 m, the general slope angle is recommended to be 22o0.
Therefore, it is proposed to construct the heap in three benches by providing a protective berm
of 5 m by Valea Arsului side (fig.9). Heap geometry control, subsidence and displacements
caused by direct ground land deformations will be done through the monitoring with
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topographic landmarks. Landmarks position, number and distance between them are determined
by the geologist and surveyor from field observations.
7 N

AN /
Fig. 9. Final geometry of the Valea Arsului heap

The land sinking phenomenon generated by underground exploitation of coal seam no.
3 lead to a water accumulation on the southern part of the heaping area. For its removal is
recommended to deposit in this area about 10,000 m: of sterile in order to counterbalance the
sinking phenomenon and the expansion of the land perimeter towards south, both in the 4,800
mz area which is already affected by sinking and in the area which will be further affected by
this phenomenon. Therefore the heap lower bench could be expanded which will allow the
storage in the Valea Arsului heap of an additional quantity of 120,000 ms compared to the
already stored quantity (fig. 10).

Fig. 10. Final geometry of the heap with the expanded
perimeter towards south (blue body)

5. CONCLUSIONS:

In order to proceed with stability analysis was necessary to create a model of the heap
Valea Arsului - Vulcan colliery. The main challenge was to create an actual model of the base
surface affected by the subsidence phenomenon due to underground coal extraction because of
lack of information and the location of this surface beneath the waste dump body.

We used as starting point an aerial survey made in 1981, before landfill process begun
and the surface sinking process was in an incipient stage and we assessed the sinking process in
the area, according to the specific geological and mining conditions.
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After digitizing the level contours from 1981 and applying the results of surface
sinking assessment, we generate the digital terrain model of actual position of the base surface.

Based on survey data from 2013 we generate the model of waste dump Valea Arsului.
In order to evaluate the quality of the model, we made an estimation of waste dump volume.
We compared this value with the total landfill volume from the Vulcan colliery records and the
difference was below 5%. In conclusion, we assumed that the model is right and we use it for
stability analysis.

Any model could be improved because, as stated the famous statistician George E.P.
Box in 1987, “all models are wrong, but some are useful”.
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NECESSITY OF SUBSIDENCE PHENOMENON
MONITORING IN THE CASE OF SUSTAINABLE
DEVELOPMENT OF JIU VALLEY COAL BASIN
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Abstract: Ground surface deformation as consequence of underground mining
operations has always been a phenomenon which can cause significant damage even after
mining operations have ended in the concerned area. The constant observation of ground
surface deformation within the limits of closed underground mining areas is, nowadays, of little
interest for local authorities. This paper presents the effects on the environment, thus proving
the necessity of constant observation of this phenomenon after the closure of the mines. Also,
legal solutions concerning the observation of this phenomenon are presented with the purpose
of creating a tool which can be used in land management policies.

Key words: subsidence, monitoring, legislation, coal, underground mining
1. INTRODUCTION

Underground mining of mineral resources causes numerous problems related to the
effects upon ground surface. There are two main causes: the dumping on the surface of
underground rocks resulted from extraction (the operation of dumping waste material) and
surface deformation as result of underground mining operation (the land subsidence
phenomenon). In the case of dumping waste rocks on the surface the negative effect of this
activity ends once the mining operations have ended and the piles of waste rock have been
reconstructed ecologically. When it comes to the land subsidence phenomenon, the
underground mining operations can have negative effects upon the ground surface, upon
buildings and industrial facilities, long after the closure of the mines. Such phenomena have
been recorded within the territory of Romania in the case of mining operations in the Jiu Valley
coal mining basin and in the case of other mining operations related to the mining of other
useful minerals. These activities have caused destruction and significant damage, both
financially and in terms of negative effects upon the environment.
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Surface movements due to underground mining of paramount importance especially
when it comes to total mining of coal seams, thick seams respectively or a package of seams, in
consequence in areas of industrial and civil construction cracks and crannies in which can lead
to their destruction to agricultural land Gavan formed where water accumulates precipitation,
ways of communication infrastructure and water and gas pipes appear cracks and fissures etc.
sinking land often occurs instantly and can lead to imbalance and genuine disaster layers.

As in ,,Mine Closure and Completion Guide”, there is no reference to the necessity of
determining the areas which can be affected by the land subsidence phenomenon once a mine
has been closed, the purpose of this article is both to outline the importance of constant
observation of the land subsidence phenomenon after the closure of a mine, and to put forward
some legal solutions which can serve as tools to be used within land management policies.

2. THE JIU VALLEY COAL BASIN

The Jiu Valley coal mining basin, also known as the Petrosani coal mining basin, is
situated in the South of the Hunedoara county, in the South-West of Transylvania - 45°25°
North Latitude and 23°22° East Longitude in a depression in the Southern Romanian
Carpathians called the Petrosani Depression or Jiu Valley Depression. Average altitude
throughout the Jiu Valley Depression is 600m above Black Sea Level [1].

Depending on the geomorphology of the region, the major tectonics, the results of
geological exploration activities, the ways of access and the possibilities of operating works of
mine opening and coal mining, the Jiu Valley Coal Mining Basin was divided into 17 mining
fields. The boundaries between mining fields correspond to some natural dividing features such
as safety pillars or great amplitude faults [1].

From East to West the mining fields are: Lonea, Lonea-Pilier, Petrila-Sud, Petrila,
Livezeni, Salatruc, Dalja, Iscroni, Aninoasa, Vulcan, Paroseni, Lupeni, Lupeni-Sud, Barbateni,
Uricani, Valea de Brazi i Campul lui Neag (Figure 1).

Beginning with the year 1991 coal mining in Jiu Valley has undergone a process of
restructuring the activities which will have as final result the end of mining operations by
closing some mines (year 1994 - Lonea Pilier, 1999 - Campu lui Neag and Petrila Sud, 2003 -
Dalja and Barbateni, 2004 - Valea de Brazi, 2006 - Aninoasa).

3. THE LAND SUBSIDENCE PHENOMENON - GENERAL ASPECTS

After the seams of useful materials have been mined in underground mines, voids are
created. These voids tend to be occupied by the covering rock layers and a shift of the covering
rocks is produced. When the movement reaches the surface a subsidence depression is created.

A very short, concise and easy to understand description of the phenomenon is this: in
underground mines, after the extraction of useful minerals from a seam, the stresses inside the
massif change which leads to the destruction of the stability of the surrounding rocks. After the
stresses inside the surrounding rocks are redistributed, the rocks are set in motion and occupy
the space created after the mining. In some cases the shifting of the rocks conglomerate takes
place within certain limits, without affecting the integrity of the surface. Most of the times,
though, the movement is transmitted to the surface, affecting it and, consequently, degrading
civilian and industrial facilities situated within the mining area.
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LEGENDA
1 - Lonea; 7 - Dilja; 13 - Lupeni Sud;
2 - Lonea Pilier; 8 - Iscroni; 14 - Barbateni;
3 - Petrila Sud; 9 - Aninoasa; 15 - Uricani;
4 - Petrila; 10 - Vulcan; 16 - Valea de Brazi;
5 - Livezeni; 11 - Parogeni; 17 - Campu lui Neag.
6 - Silatruc; 12 - Lupeni;

Fig. 1. The Jiu Valley Coal Basin

In order to monitor the shifting and the deformation of the surface monitoring stations
are created. They are composed of mobile landmarks situated on the line of subsidence and
fixed landmarks situated outside the area of influence of the mining.

The quantification and assessment of the shifting process is made by using certain
parameters called parameters of the terrain shifting-deformation process. These parameters are

[3]: the subsidence angles (3, downstream, y upstream, & on the coal seam strike); the

breaking angles (/3..7,.0,); vertical displacement (W) mm; horizontal displacement (U)

mm; horizontal strain (&) mm/m; tilt (T) mm/m; curvature (K) mm/m?2.

The size of surface degradation and the way rocks shift are influenced by numerous
factors: the size of void created through mining, the depth of the mining, the thickness and the
inclination of the layer, the method and the technology used for mining, the way pressure was
directed, the geo-mechanic characteristics of the rocks, the seam tectonics, the duration of the
mining [3].

4. THE EFFECTS OF THE LAND SUBSIDENCE PHENOMENON IN THE JIU

VALLEY

The Jiu Valley coal mining basin contains the most important pit coal deposits in
Romania. These deposits have been known and exploited since 1788, the times of the Austro-
Hungarian Empire. The extensive coal mining of this deposit began after World War 2 at the
same with the industrialization of the country. In the 1980s the production reached 9-10 million
tons of coal a year.

As a consequence the surface terrain was affected by the underground mining
operations, by the land subsidence phenomenon. In the Petrosani mining basin area over 20 ha
of terrain can’t be used anymore for constructions or agriculture because, due to the collapse of
the surface terrain, the underground water level was lowered which caused desertification and
the disappearance of the local flora and fauna.

The fractured and unstable terrain affected almost 70 individual village households
(fig.2) and in certain caused the destruction of a large number of houses and of the Dalja Mare
community center.
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There were also other incidents: the shift of the entrance point and of the tower above
auxiliary shaft no.1 at E.M. Livezeni which led to its abandonment; the partial destruction of the
ventilation shaft no.2 Petrila which led to its decommission; the presence in the area of
influence of the mine of the metal pillars of the Valea Arsului (E.M.Lonea) cableway which led
to the abandonment of the project; the presence in the area of influence of the mine of the "80
de case"( 80 houses) area after which several houses had to be demolished.

B)
Figure 2. Effects of the land subsidence phenomenon

Depending on the geological and mining conditions, the coal mining operations in
Valea Jiului has led to surface land subsidence (vertical displacements) to levels which vary
between 1 meter (in the case of coal seams with low thickness and inclination) and tens of
meters (in the case of thick and very inclined coal seams — as it is the case of E.M. Lonea —
figure 3).

5. NECESSITY OF CONSTANT AND CONTINUOUS OBSERVATION OF

GROUND SURFACE DEFORMATION IN JIU VALLEY AREA

As the Jiu Valley Coal Mining Basin is known for being a mono-industrial area (pit
coal mining) it is necessary that a shift be made from the underground coal mining activities to
a more diverse range of activities developed above ground once the mines have been closed. In
order to develop above ground industrial activities a stable terrain is needed but an important
part of the surface terrain has been affected by the mining operations.

The need to monitor the phenomenon of subsidence land monitoring results from the
effects and consequences that groundwater exploitation prints them from the land surface and
the desire authority development in the area.

The effects of underground mining operations involve both destruction of the fields
and of the constructions within the area of influence of the mine (figures 2 a, b, c, d) and other
consequences related to the land subsidence phenomenon. The negative effects of the
underground mining operations can be divided into four categories:

(a) Physical — destruction of fields, constructions, ways of access, supply lines (water,
electricity, natural gas), etc;
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(b) Economical/Financial — spending generated by the destruction and reconstruction
of the facilities affected by the underground mining operations;

(c) Social — generated by the displacement of the people whose properties were
affected by the underground mining operations — the psychological impact upon these people;

(d) Political and related to the mass-media — this final category refers to the political
debate that can be generated by the land subsidence phenomenon and to the fact that this
phenomenon can be exploited by the media in the search for a sensational story. The social
consequences can be amplified as the authorities might seem incapable to deal with such
situations.
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Figure 3. Subsidence profiles at the Lonea Mine

All these aspects should be considered when deciding upon the necessity of preparing
for this phenomenon before closing the mine and before post-closure observation.

6. SUSTAINABLE DEVELOPMENT IN JIU VALLEY

The standard definition of sustainable development "development that meets the needs
of the present without compromising the ability of future generations to meet their own needs"
was for the first time formulated in the Report of the World Commission on Environment and
Development of the United Nations Organisation - Our common future.

The concept through which a sustainable development is possible in the Jiu Valley has
at its core the common and unified administration of the area. The process of economic, social
and environmental rehabilitation of the area can be administered unitarily (idea presented by the
Hunedoara county prefect). According to this concept the local administrations currently
existing in Jiu Valley become administration subunits (neighbourhoods) of a single city — Jiu
Valley. Within this concept are also presented the main development directions in the area:

Tourism is considered the fundamental starting point - it can outline the exceptional
scenic beauty of the area, it can bring out the cultural richness of the area (history, ethnology,
architecture, arts);

Agriculture, especially livestock rearing, is one of the directions of development. The
mountainous relief favours the existence of pastures and meadows which represent the main
supply of food for livestock. It can also supply raw materials for manufacturing;
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Manufacturing and traditional craft and arts may function as a bridge between
agriculture and tourism.

7. DESCRIPTION OF THE CURRENT LEGISLATION

The negotiations regarding the integration of Romania into the European Union begun
on February 15th 2000 had as main objective the acceptance and the integration of the
community acquis into the national legislation. As a result Romania is undergoing an extensive
process of restructuring in the field of coal mining, process which consists of closing the so-
called unprofitable mines and of environmental rehabilitation through ecological reconstruction
of the areas affected by the mining operations.

Through bills and laws issued for this purpose it is established that the ecological
reconstruction of these areas is 0 be made based upon a formal application accompanied by a
plan of cessation of trading/activities which includes: the reason for the cessation of trading, the
technical plan for mine closure and the plan for the post-closure monitoring of the environment.

The plan for rebuilding the environment contains — the measures taken for
environmental rebuilding and rehabilitation in the area of mining operation in accordance to the
options of the local communities regarding the use of the area in the post-closure stage and - the
technical plan of putting the measures into practice [4]. The Minister of Economy and
Commerce, in accordance to the law, has developed a Mine Closure and Completion Handbook
in order to provide ,,a unified framework of procedures applicable in the process of mine
closure” [5]. According to this handbook mine closure is made in several stages:

a) Stage I: Planning - The Plan of Cessation of Trading/Activities, The Technical Plan
for Mine Closure;

b) Stage II: Cessation of mining activities;

c) Stage Il1: Contract for the Execution of Works;

d) Stage IV: Implementation of the contract and monitoring activities;

e) Stage V: Terrain transfer;

f) Sage VI: Post closure monitoring.

Each of the stages is presented in detail in an addendum to this manual [5].

Regarding the post-closure monitoring , one of its objectives ( as formulated in the
annex 4 of the Mine Closure and Completion Handbook) is” to demonstrate for a longer period
of time, the effect of mine closure”. 1t is also stated that ” Where the underground mining
operations have taken place close to the surface, the terrain may be affected by the land
subsidence phenomenon, with effects upon de above ground constructions such as buildings
and roads. In order to enhance the quality of visual inspections, surveying measurements might
be necessary”.

It is also stated the fact that” In the areas where the land subsidence phenomenon is
forecast surveillance networks with fixed positions connected to the monitoring network are to
be installed. The density of the measurement points and the frequency of the measurements must
be established depending on the risk presented for the surface of the terrain by the underground
operations”.
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8. CONCLUSIONS

After careful study of these bills and legal regulations the following conclusions have
been reached:

In the Mine Closure and Completion Handbook the notion of ” underground mining
operations performed close to the surface” isn’t clearly explained — namely ,which are the
minimum and maximum depths for which underground mining operations are considered
underground mining operations performed close to the surface according to the Minister of
Economy and Commerce.

Taking into consideration only this Mine Closure and Completion Handbook the
phenomenon of land subsidence generated by the exploitation of coal at depths greater than
300m using room and pillar methods are not the subject of post-closure monitoring.

At the moment of mine closure the ground surface may not have undergone noticeable
shifting or sinking according to the ,,visual inspections” an, in consequence, it is decided that
monitoring the terrain stability should be done for a relatively short period of time. The land
subsidence phenomenon may develop over time and cause important damage after 10-20 years
from the mine closure.

According to research studies performed by several specialists during one year the
rocks shift and move vertically approximately 100m. Therefore, in the case of deep level
underground mining operations, the movement at the surface will be felt only after many years
since the beginning of the operations.

The same Mine Closure and Completion Handbook states the fact that the observation
networks for monitoring the land subsidence phenomenon will be built only in the areas for
which the occurrence of this phenomenon is forecast. It is not specified who has the obligation
to make this forecast and which are the elements which need to be taken into consideration
when making such a forecast.

The density of the measurement points within the monitoring station must be in
accordance to the depth of the coal seam, the subsidence angle, the tolerance margin in
determining the subsidence angle, according to the field literature and not by considering the
risk presented to the terrain surface by the underground operations.

9. SUGGESTIONS

As underground mining of useful mineral substances can have unpleasant effects, even
after the operations have ended, and because current legislation has certain holes, a number of
suggestions meant to prevent unwanted events will be presented:

As in Romania topographic maps and plans representing underground mining
operations are considered professional secrets (access to such documents is restricted), it is
necessary to create risk maps associated to the land subsidence phenomenon. That is, using
prognosis methods described in the technical literature [2], [3] specialists must determine which
are the parameters that define the subsidence area and must create risk maps; At the end of the
mine closure stage and after the ecological reconstruction of the area the risk map of the area
should be delivered to the local authorities so that future works could be made taking into
account the forecast dangers;

In order not to deteriorate the data collected during the measurements done by the
monitoring stations it is important that the measurements be done by specialists;
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As the plan for environmental rehabilitation takes into consideration the options of the

local communities regarding the use of the area, the data regarding the shifting and sinking of
the area which covers the underground mine should be made accessible to the local authorities;

Charts of ground subsidence phenomenon measured over time (post-closure) should be

made. Together with the risk maps of the area they should be included in the documentation
necessary for the development of the General City Plan.
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SOCON CAVERN’S STABILITY ANALYSIS BY USING
FINITE ELEMENT NUMERICAL MODELLING
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Abstract: Extracting salt from Ocnele Mari has been done since ancient times, in this
area numerous mining tools have been discovered from the Neolithic Age, Brazen Age and Iron
Age. A strong community developed in this area, since antiquity, due to salt extraction. Since
1959 and up to the present Ocnele Mari rock salt deposit is mined by two methods of operation,
namely: through a humid method by kinetics dissolution and through a dry method (at
Cocenesti Mine on +226m and +210m level, through a mining method with small rooms and
square pillars). Ocnele Mari rock salt deposit was mined through dissolving wells in several
surface drilled wells fields, the brine extracted representing the raw material for soda products
and chemical products manufactured on the industrial platform Govora. The abandoned fields
of dissolving wells represent a real danger, because of the uncontrolled dissolving process that
can lead to the development of large caverns, with safety floors which have a thickness that
does not correspond in terms of lifting power.

Keywords: rock salt, kinetics dissolution, numeric modelling, stability analysis, finite
element

1. INTRODUCTION

In our country the mining of rock salt deposits has been made until the end of the
XVII™ century through a dry method. Only now, at Cacica, it has begun the rock salt mining in
solution by evaporation of the brine from the salt springs in the area. After nearly a century it
has begun the rock salt mining by dissolution in three circular basins with a diameter of 100 m,
set-up in underground workings.

Ocnele Mari salt deposit was mined by dissolving wells in several drilled wells fields,
the brine extracted representing the raw material for soda products and chemical products
manufactured on the industrial platform Govora.

Extracting rock salt through wells as a solution represents a simple method with
certain advantages than that of rock salt extraction, in solid state, through mining workings. The
effectiveness of this process consists of low production prices, minimum transportation costs,
the opportunity to mining the rock salt deposits with rocks inclusions and deep mining depth.

* Lecturer, Min. Eng. Ph.D. at the University of Petrosani
™ Prof., Min. Eng. Ph.D. at the University of Petrosani
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However, insufficient knowledge of the problems regarding the rock salt mining by dissolution
can lead to loss of control over the dissolution and the destruction of the pillars among the
dissolving chambers (Mihut, 2012).

2. ROCK SALT MINING WITH THE HELP OF SOLUTION AT OCNELE
MARI DEPOSIT

2.1. Set-up of dissolving wells and applied mining methods

Once Govora plant was set in motion the need for salt in solution increased from 850
000 tons / year to 2 450 000 million tons / year.

To meet this need, 4 well fields have been put into operation since 1960 located in the
central part of the salt deposit (fig. 1).
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Fig.1. Set-up of wells fields from Ocnele Mari

These well fields are as followings:
a) Field I - comprises a total of 10 individual wells, S351 - S360, set-up on Urzicaru
Hill. These wells have been exploited during 1960 - 1973 through a mining method with lifts in
small scales (stages).
b) Field Il - comprises a total of 15 individual wells, S361 - S370, S376 - S379 and
S381 set-up around Field I, extending eastward in Teica district. These wells have been
exploited during 1968 - 1991 through a mining method with lifts in big scales (stages).
c) Field 11 - comprises a total of 33 wells, namely:
- a total of 28 individual wells exploited through a mining method with lifts in
big scales (stages), divided according to the area where they were set-up and
according to the place of connection to the technological installations that
serve them as follows:
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- Jeica Area I - comprising 5 wells (S401, S402, S404, S405 and S411)
set-up on Teica Hill, north of the wells that form Fields | and II,
connected to the control room of Field II;

- Teica Area II - with a total of 6 wells (S406 - S410 and S412) set-up on
the right side of Teica Valley, which were initially connected to a
temporary primer station and then to the control room of Field Ill of
wells set-up in Lunca district;

- Lunca-Gorunis Area - comprising a total of 17 wells (S403, S413 - S428)
set-up in the districts with the same name, connected to the control room
of Field 11l Lunca.

- a total of 5 experimental wells set-up as follows:

- 2 wells (S429 and S430) set-up in Lunca district on the left side of Sarat
Brook, located in an isolated area than the individual wells. In regards to
these wells, a battery mining method was applied. These two wells were
stopped in 2001, having exhausted their reserves.

- 3 wells with channel exploitation (S431, S432 and S433) set-up on
Gorunis Hill, south-west of the individual wells, in an isolated area.

d) Field IV - which comprises a total of eight wells (S466 - S473) set-up on the
perimeter of the former salt mine at Ocnita, mine partially collapsed, around the lake formed on
the old brine pit. The exploitation in this field was done in order to mining the salt reserves
abandoned under the old mines and it begun in 1992, as it followings: S466-S472 wells; S470-
S471 wells; S467-S468-S469 wells, indicating that the S467 well was maintained suspended
because the connecting channel between S467 well and S466-S472 wells was executed at
another insertion.

2.2. The effects of salt in solution extraction

Due to dissolving chambers that emerged because of the rock salt mining through the
kinetics dissolving wells method, certain peculiar problems appeared regarding the stability of
massive rocks. By creating dissolving cavities the initial state of stress of the massive rocks
changes, occurring a redistribution of stresses around the created cavity, which leads to the
appearance of several stress concentrators. These have the maximum value in the horizontal
extremities of the cavity, which could lead to cracking or rock fall from the ceiling or from the
dissolving cavity walls.

To maintain the balance of massive rocks, both during and after the exploitation, the
mining technology must be properly selected according to local geo-mining properties. It is
therefore necessary to properly establish the dissolving chambers’ size and position in the plan.
Therefore, if the sizes of the dissolving chambers and the safety pillars among these chambers
are designed properly, it can ensure the stability of the excavations over a long period of time
(Bendea, 2000).

The main negative effects that may result from the exploitation through kinetics
dissolution of the rock salt deposits are the following:

- the dissolution of the pillars among the dissolving chambers, the joining of the

dissolving chambers could lead to the appearance of several large underground

caverns;

- uncontrolled surface embedding, with the emergence of large caving cones;

- degradation of surfaces and, as well as, of the civil and industrial objectives in that

area;
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- local saturation of the surface with brine and diesel (or even environmental disasters)
due to tightness loss of certain dissolving wells or due to accidental leakage flows.

2.3. Problems encountered in Ocnele Mari Field 11 of wells

3. SOCON CAVERN’S STABILITY ANALYSIS BY 2D NUMERICAL
MODELLING

For achieving calculation models with finite elements in plane deformation and in the
elastic, isotropic and linear behaviour hypothesis, the CESAR-LCPC 2D software was used.

With the help of this software finite element models were accomplished keeping, as
much as possible, the geo-mining conditions found in Ocnele Mari rock salt deposit.

3.1. Achievement of numeric models
For a more precise analysis, two numeric models with finite element were made (fig.

3-4) corresponding to sections 3-3" and 6-6" (fig. 2).
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Fig. 2. Vertical section’s position in the plan in regard to SOCON cavern’s outline

Fig. 3. Model with finite element - SOCON cavern, section 3-3" (Option I)
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Fig. 4. Model with finite element - SOCON cavern, section 6-6° (Option I)

For SOCON cavern’s stability analysis in plane deformation, in the case of the two
executed sections, it has been taken into account four options of calculation, namely (Mihut,
2015):

- Option | — the cavern is completely filled with brine;

- Option Il — at the top of the cavern (it is considered at a height of 10 m) there is an

area with air;

- Option I11 — the cavern is completely filled with brine and the piezometric load in the

cavern is located at an elevation of + 290 m;

- Option IV — the cavern is completely filled with brine and the piezometric load in the

cavern is located at an elevation of + 295 m.

The initial load conditions of the model were considered geostatic [, ], corresponding

to an average disposition depth of the cavern of approximately H = 125 m, namely:
- vertical geostatic tensions o, = p, - g - H = 24806 kN/m*= 24.8MPa;

- horizontal geostatic tensions aosz.aoysz.%yz 8269kN/m? = 8,3MPa
1

(where - Y _0333).

-V
The induced tensions by the presence of excavations resulting from the extraction of
salt were [0'6], respectively the tensions variation represented by horizontal tensions o, = —

8,3 MPa and vertical tensions O'ey = — 24,8 MPa. Finally, the loading of models was made with

total stresses state (fig. 6.9): [o, |=[o, ]—[o, ] (Onica, 2001; Onica & Marian, 2012).

For determining the third dimension, a Lambda coefficient was introduced, determined
by relation 1, the value of which was: for section 3-3: 4 =0.554; for section 6-6"
A=0.618.

Alx)= 1—th (0.3;3—x/D) )
Where: th is the hyperbolic tangent; D — excavation opening; x — the distance from
the studied section to the adit end ( A > Qif the section is in the rear of the adit end - excavated

section; A <0 if the section is in front of the adit end — unexcavated section).
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Because inside of the cavern there is a certain amount of brine (which exerts some
pressure on the cavern walls), inside the numerical models was inserted a hydrostatic pressure
(opposite to that induced by the presence of the excavation) considering zero pressure at the top
of the cavern, for option I, respectively 10 m below the top for option Il. For options Il and 1V
zero hydrostatic pressure was considered at an elevation + 290m respectively + 295m (fig. 5).

The bulk density of the brine taken into account was of p = 1300 kg/m?.
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Fig. 5 The hydrostatic pressure for section 3-3" - Option IV

To optimize the calculations based on the accuracy of the results required by the
stability analysis, calculations were made assuming a total of 60 iterations per increment and a
1% tolerance of the results, using the "initial stress method" for solving the calculations.

3.2. Analysis of results obtained by numerical modelling

After solving the calculations using the models described above, comparing the values
of the obtained results (table land 2), it may be noted that there aren’t major differences
between the obtained results in options | and Il (Option | — the cavern completely filled with
brine; Option Il — at the top of the cavern there is an area with air) or between options Il and
IV. However, major differences are found between options Il respectively IV (that is, between
option Il where the cave is said to have a 10 m cavity at the top and option 1V where the
hydrostatic pressure in the cavern is at an elevation of + 295 m). Between these two options
there is a difference of about 60%.

Table 1 The range of the main calculation parameters from the numerical models, section 3-3°

Range
Parameter Section 3-3°
Option | Option 11 Option 111 Option IV
u, [mm] +324 + -335 +331 + -344 +120 + -124 +108 =+ -122
v, [mm] +150 + -1090 +150 + -1110 +48 + -391 +43 + -350
duvy [Mm] 0 + 1090 0 + +1110 0 + +391 0 + +350
o .., [kN/m?] +4800 =+ -12700 | +4900 + -12900 | +4110 + -6910 | +4240 + -6560
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O, [kN/m?] +100 + -34000 | +100 =+ -34900 | +100 =+ -14700 | +100 <+ -13500
Oy [kN/m?] +8500 + -10200 | +8700 + -10400 | +3380 + -4070 | +3080 + -3710
o, [kN/m?] +4990 + -8120 | +5090 + -8210 | +4310 =+ -5270 | +4420 =+ -5100
O, [kN/m?] +100 + -34600 | +100 <+ -35500 | +100 <+ -15100 | +100 <+ -13900
T e s [KN/m?] 0 + +13700 0 + +14100 0 + +5390 0 + +4900
o,, [kN/m?] 0 + +4990 +5080 + -10 0 + +4300 0 + +4420
o, [kN/m?] 0 + -34600 0 + -35500 0 + -15100 0 =+ -13900

As it can be seen, the worst case is that where the hydrostatic pressure in the cavern is
low, and where at the top of the cavern there is a cavity. Also, you can see that there are great
differences between the displacement values and the stress values resulted in the two sections
through the cavern, the values of the parameters resulted in section 6-6" being almost four times
higher than the values resulted in section 3-3".

Table 2 The range of the main calculation parameters from the numerical models, section 6-6’

Range
Parameter Section 6-6°
Option | Option 11 Option 111 Option 1V
u, [mm] +1350 + -1150 | +1380 + -1100 | 4904 + 765 | +876 + -740
v, [mm] 420 + -4430 | +440 + 4550 | 4280 + 2980 | +280 + -2890
v, [T 0 + 4440 0 + +4550 0 + +2980 0 + +2890
o, [KN/M?] | +11100 + -64000 | +11500 -+ -65800 | +8100 + -45200 | +B000 < -44000
o, [KN/m?] +1300 + -90600 | +1600 + -93300 | +100 + -63400 | +100 + -61700
G, [KN/M?] | +38700 + -33200 | +39900 + -34200 | +26400 + 22200 L0

O, [kN/m?] +11100 + -31300| +11500 + -32100 | +8600 =+ -23000 | +8600 =+ -22500
O, , [KN/m?] 0 + -110000 0 + -113000 +100 + -76500 +100 + -74500
T max [kN/m?] 0 + +40700 0 + +42000 0 + +27800 0 + +27000
o, [kN/m?] 0 + +11000 0 + +11500 +8620 + -10 +8540 + -10
O .., [kN/m?] 0 + -110000 0 + -113000 +100 + -76500 +100 =+ -74500

Analyzing the massive rocks’ vertical displacement values (for the worst case section
6-6" Option Il - fig. 6), it appears that the highest embedding is registered in the centre of the
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cavern, but in reality the caving of the surface area occurred at the edge of the cavern towards
the upstream (fig. 7).
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Fig. 6 Vertical displacement of the massive rocks in section 6-6
scalar representation (Option I1) — v, in mm
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Fig. 7 Caving of the surface area in the wells field I1 - section 6-6

A possible reason for the caving of the surface in this area could be a horizontal
displacement, which, as can be seen in fig. 8 in that certain area it reaches a maximum value
(which in the worst case it amounts to 1190 mm).

Horizontal displacement leads to the massive rocks’ cracking, thus facilitating water
infiltration into the cavern and thus dissolving the salt floor.
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Fig. 8 Horizontal displacements in section 6-6" scalar representation (Option Il) — », in mm
Studying the massive rocks’ tensile stresses in section 6-6° (fig. 9), it can be seen that
the surface maximum stresses reach a value of 3500 — 4500kN/m?, value much above the tensile
strength of rocks (approximately 500kN/m?), these maximum values were registered towards
the upstream, approximately around the area that collapsed in 2001.
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Fig. 9 Tensile stresses in section 6-6" scalar representation (Option I1) - &, , in kN/m?
Predefined sections were executed in accordance with the caverns’ ceiling (fig. 10, 11)

and the surface area (fig. 12 and 13), for a better assessment of the state of stresses, comparing
the tensile and shear stress’ charts with the limit values of rock salt.
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Fig. 13 Maximum shear stresses = At the surface in section 6-6°

4. CONCLUSIONS

Analyzing the results obtained by 2D numeric modelling it can be concluded, that
because of the cavern’s registered size in 1993 a collapsing of the surface was only a matter of
time.

So, studying the stresses and deformations charts we can say that the collapsing of the
surface occurred due to tensile and shear stresses complex phenomena.
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CONTRIBUTION TO SOLVING GEOMETRIC LEVELLING
UNDERGROUND NETWORKS

OFELIA-LARISA FILIP*
NICOLAE DIMA*
IOEL VERES*™

Abstract: Processing of measured size in geometric levelling underground networks
to obtain their likely values, using the theory of indirect measurements and measurements
conditioned. The article introduced a new method of indirect measurements respectively
multiple observations.

Keywords. underground network, levelling, topographic, reference system
1. THE PURPOSE AND IMPORTANCE OF THE WORK

Showcasing a deposit of useful minerals are require creation of a complex
underground mining works opening, training and service provided in the project developed for
this purpose.

Leadership in digging such work is possible using appropriate methods of
measurement and processing (underground topographic methods).

It works by transmitting topographic reference system surface underground
transmission works topographic reference system from one horizon to another, topographic
works to achieve topographic base of support in underground works and tracing lifting of
penetrations mining particular etc. Given the precision that is required for positioning in space
mining works (as designed), topographic execution needed is an absolute priority.

Achieving this goal is achieved by performing a complex topographic high quality
works among which an important role geometric levelling networks.

Superior quality is very high accuracy in obtaining determinate, which ensure the
proper measurement techniques and processing methods based on the theory of least squares.

2. MAKING GEOMETRIC LEVELING UNDERGROUND NETWORK

We recognize that access to the underground at some horizon is provided by two
galleries (G1 si G2), and about another skyline is made by two vertical wells (wells blind PO1
si PO2) (fig.1).

Also admits that galleries near the coast is materialized the absolute point P whose HP
is known.

* Lector Ph.D, University of Petrosani
xx Prof.Ph.D., University of Petrosani
x#x Assoc. Prof.Ph.D., University of Petrosani
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If the wells blind about height between horizons is achieved through mechanical
transmission rates, it can be achieved using geometric leveling network nivement geometric
paths in the two horizons (fig.2).

It is appreciated that the two adits routes PP1 and PP3 (upper horizon) and routes the
lower horizon P1P2, P2P3, P1P4, P2P4 and P3P4.
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Levelling lines are marked, as shown in fig., with 1, 2, 3,...,7 and directions of
increase or decrease in the level differences by arrows.

Level differences mentioned levelling lines is measured using the geometric levelling
the middle and with this length levelling lines.

Therefore, the measured sizes are: hl, h2,....h7 and S1, S2,...,S7. To determine the
absolute quotas of points P1, P2, P3, P4, sizes that measured level differences must be
processed in order to obtain their likely values.

In the following presents a processing method according to the probable values are
obtained quota points P1, P2, P3, P4, and the measured level differences.

Levelling network considered in the first stage can be determined Provisional quota
values pointsP1, P2 and P3 with relations:

HY =H, + h, at upper horizon

P =(H)) + h,at lower horizon:
(H;") it 1s H,” submitted (1)
H? =H, + h, at the upper horizon

Denote corrections provisional rates x1, x2, x3. It is specified that the pointsP1 and P2
determine at the upper horizon, provisional quotas using measured level differences hl and h4,
which are transmitted to the lower horizon, using size (difference in height between horizons)
and get quotas measured points P1 and P3 in underground. x1 si x3 corrections admit the same
for points determined in the upper horizon of the transmitted underground (lower horizon).

If v1, v2,...,v7 are corrections to the measured level differences, their likely values are:
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which:

(hy) =hy+ vy

(hy) = h, +v,

(2)
(h;) =h; + v,

And probable values of shares the points P1,
Hy= Hf + x4
H, = HJ +x,
________________ (3)

With these notations we can form a system of equations consisting of six equations in

- four equations corresponding to the measured level differences: hl, h2, h3, h4;
- two polygons corresponding equations | and 11
The shape of the system is:

H +x,— (Hp+hy) =—v,

HY +2, —(H) + 2, + b)) = —v,

Hy 43— (H) +x,— hy) = —v, (4)

Hy +x3 —(Hy+hy) = —v,

—(hy) + (k) + (hg) =0

(haj - (hej + (h?) =0

Where in:
(hy) = hy + 7
(h3) = hy + vy
(hg) =hs +vg &)
(hs) =hg +v,
(hy) =hg + v,
System (4) can be written
+vy +x,4+1,=0
+17, +x,—x;+1,=0
+17 Xy — X, +1;,=0
v, x4 +1,=10 (6)

—vy, T gt v, =0
vg — v, tuy tw, =0
Where in:
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l,=H} - (H; + hy)
l, = Hj = (H] + hy)
1, =HY (B0 hy) )

The system of equations (6) corresponds to indirect measurements of multiple
observations.

Therefore, applying the method, known at this type of measurements, we obtain:
5,K, + 0, + 0K, + 0K, + 0K + 0K, + =, + 0x; + 0x, — 5,[, = 0
OF, + S,K, + DE + 0K, + 5, K.+ 0K, —x, 45, +0xg — 5,1, =10
OF, + OF, + 5K, + 0K, + DK, — 5K, + 05, —it, + 2, — 5,13 =0
0K, + 0K, + OFK. + 5,5, + 0K + 0K, + 0x, + Ox, + 2, — 5,0, =0
0K, + 5,K, + 0K, + 0K, + S'K. + 5.K.+ Ox +0x, + Oxy —
-5, L, +51-+51.=0
0K, + 0K, — S3K; + DK, — S K. +S"K, + 0x, +
+0x, + 0xg + 551, — 5.1 +5.1.,=0
K,— K, + 0K, + 0K, + 0K, + 0K, =0 (8)
0K, + K, — K, + 0K, + 0K, + 0K, = 0
0K, + 0K, 4+ K;+ K, + 0K, +0K; =0

By solving the system (8) we obtain:

- corrections X1, X2, X3

- correlates ki, kz,...,ks
Correlates values are calculated corrections vi, vz,...,vz with relations:

v; = 5;(a;K, + b,K, + -+ f,K,) (@)
i=132,..,7
Or:
vy =5,K vy = SK,
v, = 5,(K, —K.) vy = 5:K; (10)
vy = S3(K; + K) v, = S5.(K; — K;)
v, = 5;K;
Finally we obtain:
Hy=H)+x,
H,=HJ+x, (11)
Hy=HJ +x,
And:

(h,)=h+v, for 1=12_..7

3= -"2
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3. CONCLUSIONS

Base topographic levelling underground consists of levelling routes geometric existing
open and closed horizon or several horizons.

This is a network dependent levelling a point or points known by their absolute quotas
existing at the surface.

Considering the role of levelling network made underground mine workings in proper
management, measurements made and their processing should lead to values with high
accuracy and probably calculated.

This requirement is fulfilled considering the open or closed routes from many horizons
form a network of levelling unit and measurement process is based on the theory of least
squares.

As a result, such a network, considered in the paper, can be solved using the theory of
indirect measurements with multiple observations. It is to determine the benefits of a number of
fixed quotas to the two horizons, by their likely values at the same time accurately determining
appropriate intervals.
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RESEARCH REGARDING THE EXISTENCE TIME OF ORE
LUMPS IN PRIMARY AUTOGENOUS GRINDING

NICOLAE CRISTEA*
CAMELIA BADULESCU*
DIANA MARCHIS **

Abstract: In this paper a special laboratory method which may lead to establish the
existence time of ore lumps like ore pieces grinding in industrial autogenous mills as a function
of their constructive and working characteristics is reviewed. The ores grind ability and this
parameter, established in this way will constitute the main elements in the selection of diameter
and working regime of the primary autogenous mill in order to obtain the maximum efficiency
of respective ore comminution. To reverse, when a certain mill type is imposed, it is possible to
establish the feed particle size and the product particle size in order to obtain efficiency in
primary autogenous grinding.

Key words: ore lumps, autogenous grinding, mill

1. INTRODUCTION

Generally, the economic factor is decisive in the selection of the comminution method.

Some main advantages of autogenous grinding practice

- the stages number is significant diminished:;

- the partial or total removal of the balls in mill is achieved;

- the undesirable effects of iron brought about the balls are removal;

- the produced particles are better differentiated and produce positive influence on the
quality and the metal extraction.

In a sensitive process like the autogenous grinding the economic efficiency depends on
the optimum maintenance in working parameters.

To satisfy the necessary of ore lumps like ore pieces grinding is very important in
autogenous grinding. This necessary depends on the existence time of the lumps that must be
selected in order that not be created abundant critic fraction as a result of lumps premature
destruction and not determine their agglomeration in mill.

2. THEORETICAL CONSIDERATIONS

In the autogenous grinding process the lumps behavior depends on the ore type and the
lumps speed in the impact moment.

* Associate Professor, Eng., PhD, University of Petrosani, Romania
w% Lecturer Dr., University of Petrosani, Romania
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In order to determine the speed at impact moment it is considered that lumps

movement that abandon the mill lining has a parabolic trajectory characterized by the following
equation:

A

y=x tgﬂ' B 2-R-cosa (1)
Where the variables and parameters are:

o — abandon angle;

R — radius of the mill.

In order to determine the impact speed it is necessary to know the coordinates of the
impact point (M) and of the maximum point (C) of the parabola (figure 1).

For point M:
xy =4 R -sina ‘- cos’a )
yu =4 R -sina -cosa 3)
For point C:
X = ? 4)
Ye=73 (5)

_;: " ‘ ,-)‘.‘_
/\
i j [ )
l /// | \ ‘/
N |
|
]
|

M

Fig. 1 Characteristic points of the parabolic trajectory
of the grinding pieces in autogenous mills
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The throwing speed of the lump is given by the following equation:
v=(R-g cosa)l/? (6)
If b = y; — ¥the impact speed is given by the following equation:
vy=2-g-h+v: (7
In order to achieve the same impact speed through free fall it is necessary to have a

&
A [E
level difference H = z—‘:

The lump movement parameters and the equivalent height are calculated by means of
the equations presented in table 1.

Table 1 Lump movement equations

Mill diameter, | Abandon angle, Throwing Impact speed, Equivalent
[m] grades speed, [m/s] [m/s] height, [m]
5.0 36.6 4.43 8.86 3.84
7.0 38.96 5.16 10.52 5.65
8.5 39.85 5.65 11.69 6.96

3. EXPERIMENTAL WORK

In order to determine the existence time of ore lumps in various working regimes of
the mill it was achieved an efficient installation to simulate the lumps fall thus to have the same
impact speed without of mill lumps. It consists of a metallic tower equipped with a lift capable
to permit lumps fall from the wanted height. The impact compartment placed in the lower part
permits the accomplishment of the impact typical conditions.

This experiment presents the most unpropitious conditions when the material comes in
direct contact with the mill lining.

The evolution of the lumps degradation was established by successive weighing of
fractions +50 mm that is considered to be the minimum limit of the lumps size like grinding
pieces.

The variation of lumps weight in percent with the falls number is demonstrated in
figure 2 for a mill with a diameter of 5 m, in figure 3 for a mill with a diameter of 7 m and in
figure 4 for a mill with a diameter of 8.5 m.

In order to determinate the existence time of the lumps it was selected the time value
when 95 percent of the initial weight of the lumps has size below 50 mm.

Dividing the falls number by the revolution speed, in rev/min, there can be obtained
the existence time of the lumps.

In a mill with a diameter of 5 m the existence time of the lumps is 15 minutes, in the
mill with a diameter of 7 m is 13.3 minutes and in the mill with a diameter of 8.5 m the time is
4.85 minutes.
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Fig. 4 The lumps weight variation depending on the number of
falls for a 8.5 m diameter mill

4. CONCLUSIONS

The existence time of the lumps decreases when the diameter value increases.
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As a result of this experiment we are in the position to assert that the established
parameters of the autogenous grinding in pilot scale cannot be used in industrial scale.

After a certain mill diameter value the existence time rapidly decreases. This value can
be considered like the higher limit for the mills diameter in which the autogenous grinding can
be realized. Over this value the impact stress is higher than the impact strength.

The knowledge of the existence time of lumps allows us to establish the lumps
necessary in fed ore and the size distribution of the primary autogenous grinding product.
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USE INDEPENDENT PATHWAY TO TROUBLE
POLYGONAL TOPOGRAPHY PIRCING MINING

OFELIA-LARISA FILIP*
NICOLAE DIMA*

Abstract: The article reviews the possibility of using an independent topographic base
to achieve mining works which have a thrusting.

Keywords: topographic, underground, polygonal path, mining

1. THE PURPOSE AND IMPORTANCE OF THE WORK

It can meet the execution of underground (horizontal, vertical, inclined) when it is
possible to make a polygonal path necessary and sufficient support for coordination work
breakdown.

Hotizont a
Pud central Wtk punching shest
Fut blitd
Honzont b
Fig.1

This route forms a topographically independent system (called polygon of breakdown),
errors in measuring angles and these sides forming an independent system acting on achieving
punching shear of the work. This feature requires a detailed study on the propagation of errors,
their influence on achieving punching, distribution errors, etc.

2. THE WORK CONTENT

To prepare the study, separate angles errors separate sides settling their influence in
polygons punching shear.

2.1. Influence of angular errors

Consider a simple polygon punching shear of 4 sides (fig.2) in which angle 1 was
measured with the error g;.

* Lecturer, Ph.D, University of Petrosani
*x% Prof. Ph.D., University of Petrosani
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Al vs. B side will move in B 'and angles @1’ and w1’ have errors Ag: and Ay, with

these notations we can write:

errors:

91 = @y + gy (D
W, =W, + AW

The figure shows:

@)

F.,B — distance from point B to point projection one side AB
S — distance between points A and B
Analog, error &, of the angle B, producing the angle ¢ error A, date the relation:

F
J':sz - E:? (3)

Continuing totaling reasoning and relations (1), (2),.... total error is obtained:

[e#"]

dgr == @)

Taking as fixed side edge of the angle 3B total error y angle is determined by the

()



Use independent pathway to trouble polygonal topography pircing mining 97

Polygon A, 1, 2, 3, B using the piercing of mine works in the direction AB, provides
steering angles ¢¢’, yi’ inaccurate compared to actual measurements Ag: and Ay: given by
relations (3) and (4).

This means that if two lines advancing mining work punching shear after directions
AK and BK (fig.3).

It follows that if K is the point of breakdown; puncture mining of the work is done
without a deviation.

We consider the case when rates are advancing so that punching shear point is the
point | different from point K.

In this situation, with the notations in Figure 3, the error cross Qt is given by:

Q.= DAg, — (5 — D)AY, (6)

Or the relations (3) and (4):

= p ] ]
Q'I.‘_D = —(5—D) T

But:

[slls ]

g.=p = =

-6-D)—/—

And:
Q.= [(D — F4]] (7

Denote by mg mean squared angular error and then:

Q: = +mp/[(D—FF] (8)
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2.2. Influence of aspect errors
We consider the analysis of representation in the next figure (fig.4):

We admit that the side S1 is measured real with the error &s;.
This error produces a cross deviation esi Sings.
The error on the angle o1 will be:

Apg, = @1 total with the error:
[z guingl
g, = — (9)

Analogous errors occur on the sides of the y angle error:

E5,5ing

A, =—

oy, = - E=mel (10)

= —p., with the total error:

The two total error is equal to the absolute value means that erroneous submission
directions are parallel and therefore measurement error due to transverse sides is the same,
regardless of where they are determined.

Terraced is obtained average errors:

Qs = £y [misin?gl (11)

From equation (10) gives:

- Influence errors sides of the sides parallel to the closing line is zero;

- In normal sides participate entire production error cross sides.

Since the transverse average error due to measurement error aspect is constant, it
follows that those found on the punching shear point remains valid.
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2.3. Errors cumulative punching shear in polygons
Since independently errors Qt and QS, the law of propagation of errors, cumulatively
allowed, consequently:

Q=+ [m2 [0 —F¥] + Insin®] 12)

2.4. Determinate minimum error point

Note that the error is a function of the average transverse size of the variable "D" so
that we can determine an optimal “Do” the transverse error is minimal

In this sense writes:

dg _ |, Mg 2llp-rFl _
an X3 o U (13)
From equation (12) gives:
[l
D=1 (a4)

On the other hand, it is important to note that the highest point of submission is
considered in the total error is smaller.
How real total errors can be calculated to determine the average errors of relations:

And (15)
m

(16)

So if-
[(5—F4)*] < [FAF4] (17)
Then:
My

¢ < Mg (18)
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And the most important is the submission of A. Condition (15) can be written more
simply, by developing the following:

[FAI %
e 09)

From the above it follows that the optimal point cross found error midway AB only if
symmetric polygons, the angles were measured with the same precision.

Transverse error optimal point value is determined by the relation (7) in which D is
calculated by (13), respectively:

Qy = mg/nD; — 2D, [F1+ [FF] (20)
Or:
Qeo = tmg [IFFI- 2" 1)

The conclusion is that as the distance from the optimum point is higher transverse error
increases.

3. CONCLUSIONS

In mining, mining works opening and preparation are very important technical point,
have permanent character as the embodiment are high-volume and represent goals that require
special financial efforts.

On the other hand the implementation of the projects elaborated in this area is done
with topographic methods that have special character by conditions that run and by their quality.
The papers presented were studied independent routes used to establish the base topographic
topographical elements that lead workings in their execution and have character punching shear.

From angular and distance error study conducted independent polygonal paths, there
exists an optimal point where the punching shear is minimal transversal deviation is determined
and its position.
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POSSIBILITY OF SOLVING PROBLEMS IN CADASTRE

IOEL VERES®
NICOLAE DIMA**
OFELIA-LARISA FILIP*

Abstract: It presents the possibility of replacing topographic methods analytical
methods detaching the surfaces made of cadastre issues.

Keywords: topographic, polygonal,

1. THE PURPOSE AND IMPORTANCE OF THE WORK

Preparing technical documentation that is required for the legal classification of a
building can be done using measurements and processing methods specific to the cadastre.
Complex issues in this area include among others works on dividing surfaces and their
calculation.

Solving the many situations encountered in practice is possible using appropriate
calculation methods, but with regard to finally obtain the appropriate size in terms of quality,
high precision, respectively.

Following the paper uses analytical methods of calculation in place for situations
commonly encountered topographic methods.

2. CONTENTS OF THE WORK

It will be analyzed two cases of division of areas:

- dividing of a surface into a triangle:

a) after passing the right through a point of the triangle

b) after a parallel to a side of the triangle

c) after a same polygonal contour from another polygonal

- dividing of a surface into a triangle by a line passing through a point of the triangle
W consider the surface S bounded by the sides of a triangle (fig.1), peak points (P1, P2, P3)
having the known coordinates.

Sland S2 =S — S1, after passing right through the deck P2.

Splitting problem is to determine the coordinates of PO which shall be delimited the
surfaces S1 si S2.

For the surfaces S1 and S2 equations can be written:

* Assoc. Ph.D. University of Petrosani
x# Prof. Ph.D., University of Petrosani
x#x Lector Ph.D., University of Petrosani
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S/

P1 / Er P3

Fig. 1

xu:-[.‘r’i - 3':] +-‘C1(J"2 - }"uj _-sz}'u - J"j_) =15
a3 (3 — ¥2) + 2,00 — W) + 22y — ¥2) = 25, (1)
Or:
xolyy — vl + 3 (32— 29) + 2935 — 23y = 25;

Ko (g — ¥a) + 3 (363 — %3} + 2335 — x33, = 25, €3
By solving the system of equations is obtained:

X ¥y T X, ¥, T25; rp—x
Xa¥a — Xp¥a T25; X — X

Xy

Ty B»T A
Y2 ¥ T -Tz| (3)
Vi — ¥ Ty —xy + 25
_ Ty 2 TV T 25,
Yo = R T
Yz —V¥V; Xz— X3
By conducting relations from (3) we obtain:
5, 5
xg =23+ (23— x) +7 (3 —25) )

5 5
Yo T ¥ +?(_V: - }':] +?[-_"'1 _.Vz:]

b) Splitting of a surface in a right triangle after a parallel to a side of the triangle We
consider the triangle P1P2P3 (fig.2), for the coordinates of the peak are known.
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1 Fig. 2

In this triangle should be separated surfaceS2 (known) by right PORO parallel to the
side P1P3.

To solve this problem is reduced to determining the coordinates (x0y0) the point PO.

If the point P3 goes a line that passes through the point PO then the problem is reduced
to the previous case

The coordinates x0, y0 the relationships are obtained:

Xp = %3 +§S'-(x:-x3)+5§-(x1—x3) (5)

5 s
Vo = Va +f[;’: —J»F;Hf[}'i — ;)

In relations (5) are known:
- coordinates: x1, x2, x3 and y1, y2, y3 surface S of coordinates using the equation:

25 =21 (y3 —¥3) + 23 (yg — ¥y ) + 23031 — 72) (6)

In relations (5) are not known the surfaces Ss, Sa. to determine these areas proceed as

follows:
With the relations from figure 2 we have:
25 =BI
25, = bi (7
25,=(B+b)(I-i)=BI+bl—iB—ib
Or:
25,= 25+ bl —Bi— 25,
25,=25,+ bl — Bi (8)
And

bl = Bi. ;-=%1 (9)
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But:
= 10)

¥ — 2 where: j =257
k3

5

o |

Bl

from the relations (9) and (10) results:
BS,

I =—=I

b
E b s

where:
b

And:
—
With:
( .E) !

With the relationship (12) is calculated: S3
And with it:

(11)

(12)

(13)

¢) Dividing by a polygonal contour surface parallel to other polygonal contour.
We recognize polygonal P1, P2, P3, P4, P5 points whose coordinates x, y known

(fig.3).
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Inside this contour surface S must separate an area So delimited by the path P1’, P2, ...,
Ps’.

Therefore, the surface “S” is known (is calculated from coordinates), and the surface
“So” given, indicating that So< S.

The problem is considered solved if the coordinates are obtained x1’, y1’from the point
P1’.

Is this possible if | write equations corresponding surfaces Si and So’ bounded by
points P1P1’P2and P1’PsP4P3P2.

x1(ya — 39) + 2203 —31) + 23031 — ) =54 (14)
xy (35 — ¥2) + 25 (s — 1) + 2,0 — ) +x3(32 — 3)
+x,(vy —¥3) = g
Equations (14) form a system of two equations with two unknowns (x1’, y1”) which are

obtained by solving the point coordinates P1’.
It is specified that the surface S1> we obtain the relationship:

25! = B,1 (15)

and So’with the relationship:
Si=5-5] (16)

To obtain the height “I”” we write:
(31 + bi) + (Bz + sz + (Ba + baj + (54 + b4] =25,

Or:
1([B] +[b]) = 25,

But:

by = By — (ctga, + ctgay)!
b, =B, — (ctg By + ctgf,)I
by = By — (ctgy +ctgy,)l
b, =B, — (ctgd, + ctgd,)l

And
[b] = [B] — [ctg ilI 1—aofy.6 (18)

With the relationship (18) is calculated (17):
(2[B] — [ctg ilD)1 = 25,

Or:
[ctg i]1*— 2[B]I— 25,=0 (19)
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from the relation (9) results:

_ [5]- /18" —2[czg il5,

I

fotg 0 for S<5

3. CONCLUSIONS

Division's problems on surfaces are known primarily solved by trigonometric.

The methods presented above are analytical measurements used the known coordinates
and surfaces calculated or data.

Even if the volume of computation is in some cases increased, the proposed methods
provide superior accuracy in delimiting surfaces.

Delimitation to be separate surfaces is done by points that may appear in the inventory
of known points.

Cases analyzed, show a unified solution, from simple to complex and frequently met
cadastre.
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ANALYSIS OF AERODYNAMIC PARAMETERS SPECIFY A
MAIN LOCAL STATIONS

MARIUS SIMION MORAR*
DORU CIOCLEA™
ION GHERGHE"*

ADRIAN MATEI"***

Abstract: For underground extraction of coal are running a complex network mining
vertical, horizontal and inclined role extraction, transportation and evacuation the surface.
Associated system of mining works have the air network to ensure the oxygen necessary for
workers, diluting explosive gases and/or toxic substances and preparations to evacuate heat
and humidity in the underground. For air circulating on the active underground works, from
the points of entry of fresh air to the point of exit of the tainted air, are using powerful fans
located at the main stations of fans. The operation of the fan depends on the parameters of
specific network aerodynamic, the ventilation of buildings and structure of main air stations.
Knowledge of the exact parameters of the specific local networks aerodynamic leads to the
optimizations of air flow distribution at the level of each branch concerned to ensure the health
and safety conditions in the underground.

Key words: ventilation, ventilation networks, aerodynamic parameters, fans

1. GENERAL REMARKS

For air circulation route active underground workings, from the points of entry of
fresh air to the point of exit of foul air, use fans placed on the surface in the main ventilation
stations. [1], [2], [3]

At the main station there is complex ventilation based mining ventilation shafts or
ventilation rising. The figure is rendered complex work related to the expansion of the main
stations connected to a vertical shaft, and includes the following elements:

- The vertical shaft of the expansion valve which has two segments:

* Eng., PhD. Student, Scientific researcher 3" degree at INCD INSEMEX Petrosani,
marius.morar@insemex.ro
#% Eng., PhD. Scientific researcher 2™ degree at INCD INSEMEX Petrosani,
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« the portion of the ventilation shaft to the intersection with ventilation
channel;

« ventilation shaft portion of the intersection with ventilation channel to bridge
surface with sealing.

: Bridge seals
Bridge seals Sealing cap
| Rising acces
|
|
' .
Comb diffuser

Y

Ventilation Air channel

shaft

N

Fig. 1

- Ventilation channel which has two segments:
e ventilation channel portion of the intersection with ventilation shaft to the
intersection with gallery locks;
e ventilation channel portion of the intersection with gallery locks up at the
point of bifurcation of fan channels.
- Gallery lock access channel ventilation;
- Access of raises the ventilation channel provided with the sealing cap;
- Fan channel No 1 provided with hatch closure is normally open position during fan
operation located thereon;
- Fan channel No 2 provided with hatch closure is normally closed position whilst the
fan placed on it is stopped;
- Speaker with combs for the fan no 1;
- Speaker with combs for the fan no 2; [1],[2],[5]
- Sealing bridge obscures the speaker with combs that foul air is circulated. [5]
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2.PARAMETERS  SPECIFIC AERODYNAMIC MAIN  STATION
VENTILATION [5], [3], [4]

Aerodynamic parameters related complex mining are:
- Pressure loss H (Pa);
- The flow rate of air Q (m*/ min);
- Air resistance R (NS2 / m8). [5]
To determine the aerodynamic parameters specific ventilation main station is called
as direct measurements or by calculation alignment mining.
For it is considered a complex workings associated main station ventilation fig. 2,
where we have the following ramifications:
- 1-3, shorting the surface characterized by Qsc, Rsc, Hsc;
- 2-3, mine related branch characterized by Qm, Rm, Hm;
- 6-3 channel ventilation characterized by Qc, Rc, Hc;
- 5-6 airlock ventilation access channel characterized Qsas, Rsas, Hsas;
- 4-6, fan route no. 2 characterized by Qvz2, Rv2, Hvz;
- 6-7 fan route no. 1 characterized by Qv1, Rvi, Hvi.
Airflows QSC, Qm, Qc, Qsas, QV2, QV1, is determined by direct measurements
ramifications anemometric 2-3, 3-6, 5-6,4-6, ie 1-3 and 6-7 indirect ramifications as follows:

Q1-3=0Q3-6 - Q2-3 (m*/min);
Q6-7 = Q3-6 + Q5-6 +Q4-6 (M¥/min).

Pressure drop Hm, Hsc, Hc, Hsas, HV2, HV1, is determined by depresiometric
measuring all branches 1-3, 2-3, 3-6, 5-6, 4-6, 6-7.

Bridge seals Qgc Bridge seals Bridge seals

1 Ry
—-

-

Bridge seals

)

Ventilation /

shaft

Gallery access.

Rising acces

T Qu
° 2R,

Fig. 2
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The aerodynamic resistances are determined by calculation as follows:
In mode 3 have two resistors connected in parallel, namely, R2-3 or R1-2. [5]
In this equivalent resistance R3 will be:

1 1 1
r = r + T
w‘IREB *.'-'IRi—B *.'-'IRZ—B

1 yRa—a+y/Rya

VRez Ri-a*Rz_a
By the square follows:

| — | — 2
1 {a.,"Rz—a"'-.,"R:L—a}
Rgg Ry _g#*R3 g
Ry_g#Ro_
R ——— (Ns2/m)

.—}z

{-.,' Ry—a+Ryi—3

The equivalent resistance Res iS in turn connected in series with the channel
resistance R3-6 ventilation.
The equivalent resistance of the two resistors is connected in series R1-6:

Ri6=Re3+ Rss (N32/m8)

R;—3=R;3

16=7 — ——
{-,."Rz—a"'-,."R:L—a}

R 5 + R3s

| e Y 2
_Ry—g=*Rs—g + Ra—ﬁ{-.," Ry—z+y/ Ri—a}

Ri-6= — __— =
{.\,-' Ry g+, Ri—z)

(Ns?/m®)
In node 6 have also three resistors connected in parallel, namely Rs.s,
Ra.6 respectively Ry.g.
In this respect Re6 equivalent resistance will be:

1 1 1 1
- = + = + =
vBes 4PBs—s +Bi-e Ri-g
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1 Bs—e*Bie+Bs—c*y/RB1g+ Bs5c*Rs¢

v Res VRs—g *Ra—g*Ri-g

By the square follows:

, , , , , , z
1 {-.,."Rd-—ﬁ* yBi1i-e+Bs—¢*R1—¢+4FE56*Rs¢ )

Reg Rs ¢ *RBse*Ry¢

Bs g*Ry g*Ryg

R 5 (Ns¥/m®)

96: I. I. II I. II I.

{-.,' Ro—g*y/Ri—g +Rs—g*Ri—g +Rg—g*yRy—s )
The equivalent resistance R, network is:
Rr = Res = Re.7

Rg—g*Ry—g*Ry¢

R

r=r . r : r r z
{*.,-'IRd—ﬁ* yEi-¢ tBs—eg*yR1—¢ +Es—e*Rsg )
= Rg.7 (Ns2/m8)
Thus the 6-7 branch, which is located active fan, identify aerodynamic parameters in

the main station ventilation, Qs, Hs Rs, as follows:
- Air flow at the main station ventilation

Qs = Qg7 (M*min)

- Depression exerted by the fan at the main station ventilation
Hs = He.z (Pa)

- Resistance to the main station ventilation

o Rs¢*Rsg*Ri¢

s=Rr=Re7=

z (NSZ/mS)

{~.,."R4—5* yBi—gtyRs—g*yRB1-—¢+ R *yRss )

3. ANALYSIS OF THE SYSTEM NO SURFACE SHORTING [5]

When the fan from the main station is mounted directly on the shaft ventilation or
ventilation of raises, there is shorting to the area that is:

R1.3 =0
Then
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R_3=Ras (Ns%m?)
and
Ri6=Res+ Ras =Ras + Ras (Ns¥m?)
So air resistance Rr network is modified accordingly as follows:

Rs—g*Rg—g *(Rz—3+ Ra_¢)
Res =

, , , , , , )
{1.."34—5* Rz g+ Ry_g) + \[Rs—g */(Ra_g+ Ry_g) + [R5_¢ *\/Ra—sg )
=R = Res (N32/m8)

4. ANALYSIS OF VARIATION OF VENTILATION PARAMETERS [5], [6]

The cases analyzed that main station specific aerodynamic parameters vary depending
on the configuration ventilation structure mining complex in its composition as follows:

- Change air flow circulated,;

- Change depressions;

- Variation of aerodynamic resistance.

5. ANALYSIS OF THE SYSTEM NO SURFACE SHORTING, SAS ACCESS
CHANNEL VENTILATION FAN THAT CHANNEL V2 [5], [7]

When the fan from the main station is mounted directly on the shaft ventilation or
ventilation rising, there is shorting the surface.

If the main station ventilation is provided with a gate valve type when there is no
access cover ventilation channel.

If the main station ventilation presents a sled type or equivalent, which allows either
change or motor unit fan motor in a short time, then there is no fan channel V2.

Then:
R1.3 =0
Rs.e =0
R4.6 =0
REEI =Ras

and
Ri6 = Res + R3s = R23 + Rz (Ns?md)
So air resistance Rr network is modified accordingly as follows:
Ri= Ry g

Rr= Ro3 + R3g=Res = Re7 (N52/m8)
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6. CONCLUSIONS

At the main station ventilation are complex mining ventilation shafts either grafted or
on ventilation rising including: ventilation shaft; ventilation duct; of raises ventilation channel
access; fan duct No 1; fan duct No 2; speaker with combs.

Mine workings associated main station, a number of strategically placed ventilation
construction to ensure network functionality.

The analysis presented mining specific aerodynamic parameters of the main station
ventilation by using flow balance, depressions resistances revealed that, compared with other
variants, where the main ventilation station is equipped with two fans located on two separate
channels, a ventilation channel provided with a lid and connected to a ventilation shaft vertical
to the surface of the short circuit, then:

- Entrained in the air flow of the fan is greater than the maximum flow rate of air
circulated to the level of the mine;

- Depression exerted on the fan is minimal and greater than the depression exerted at
mine;

- A network of ventilation air resistance is minimal and much less than the equivalent
resistance of the mine.
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MANAGEMENT OF THE VENTILATION NETWORK AT
VULCAN MINING UNIT

MARIUS SIMION MORAR*
SORIN MIHAI RADU*
DORU CIOCLEA™
ION GHERGHE"**

Abstract: Healthy and safe working conditions in the underground especially in those
areas with hazard of potential atmospheres shall depend mainly on the production implementation
and the management of the ventilation system. Improving the management of the ventilation system
involves thorough and complex analyses of the ventilation network, i.e. a huge amount of data to be
processed only by IT. This paper shows an analysis of the ventilation network at Vulcan Mining Unit,
with the use of the IT to simulate certain situations that may come up in the ventilation system

Key words: ventilation, ventilation networks, aerodynamic parameters, fans

1 INTRODUCTION

The best management of the ventilation network used by a mine involves the use of
the IT with the view to performing relevant analyses and to successfully preventing the
occurrence of hazardous situations. Expert software can simulate the occurrence of the
alterations that may come up in the ventilation system considering certain possible hypotheses.

2 GENERAL REMARKS

For getting the best possible working conditions in underground, it is necessary to
provide the primary protection, i.e. suitable ventilation. The purpose of this ventilation is to:
(1] [3]

e provide the concentration in oxygen necessary for the personnel currently working
in underground,;
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e dilute the explosive and/or toxic gases existing in the mine network;

e diminish the heat emitted inside mine workings, both due to human activities and to
thermal gradient.

A good ventilation of each mine working involves the best possible repartition of air
flows along each branch of the ventilation network. In this spirit it is necessary to settle the
ventilation network of each mine. An example of complex ventilation network is the one
belonging to Vulcan mine. [2]

3 OF THE VENTILATION NETWORK OF VULCAN MINE

The ventilation network of Vulcan mine was quite complex. At present it has diminished
because of some accidents (such as explosions) and due to the depletion of the useful mineral
deposits. Therefore, the ventilation network includes four ventilation shafts: Chorin Shaft, Prokop
Shaft and X Shaft - Valea Arsului. It also includes three ventilation raises with the related
ventilation stations (B’Allomas Raise, Karollus Raise and Ionagcu Raise) and underground mine
workings located on four levels (level 315; level 360; level 420; level 480). These mine workings
are made of main cross sectional galleries, directional galleries, diagonal galleries, plain cross
sectional galleries, inclines, working faces, connection raises.

The whole ventilation network includes 251 junctions (knots) and 300 branches. [2]

4 PROVIDING THE SOLUTION FOR THE VENTILATION
NETWORK OF THE MINE [2], [4]

For providing the best solution available for such a complex ventilation network, we
have used the Hardy-Cros