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Abstract

Analysis, assessment and comparison of climatic conditions of the stopes in the upper and lower horizons of the Trep¢a
Mine in Stantérg, is as a basic principle to control as well as to improve them by providing a sufficient amount of fresh air
to the main workplaces of the mine. The issue of the microclimate in various underground mining stopes shall require
continuous measurements in the main places - stations, so for the overlying floors the previous measurements of the
ventilation service were used for some stopes of deep horizons, and the measurements for certain time periods for 2021
have been forwarded. Measurements performed in different stopes of different horizons, creation of a database accord-
ing to the obtained values and diagrams obtained for two microclimatic parameters (temperature and air humidity) as
well as their analysis in scientific aspect offer us the best possible assessment which is argued in this paper. The pre-
sented results show that to improve the climatic conditions in the Trepca Mine in Stantérg, it is not only enough to
change the ventilation system but also to direct (direction or regulation) a sufficient amount of fresh air in the direction
of the analyzed stopes and those planned. This is done in order to provide better air conditions and to create a safe envi-
ronment for the health of workers in underground work environments as a primary goal to increase high productivity of

production.
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1. Introduction

The Trepg¢a Mine in Stantérg lies 10 km northeast of
Mitrovica. This mine works as a special department
within the mining-metallurgical-chemical plant “Trep-
¢a” in Mitrovica. The mine is connected to the Iber
Highway near the city of Mitrovica, while the concen-
trate enrichment plant is located in the First Tunnel. On
the left side of the river Iber, in Zvecan, is the smelter
(Zeqiri, 2004).

Initially, the mine was opened through the gallery
from the First Tunnel and then through the central well
to the depth of horizon XI (from 760m to 12m AMSL),
where 11 horizons with vertical distances of 60m were
developed.

Creating suitable working conditions is the main
object of focus in each working organization. This is
done to create opportunities and mechanisms as appro-
priate as possible for the performance of mining work to
have greater effectiveness and increase the quality of
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work, and at the same time aims to increase mining
productivity by providing optimal working conditions.
This is achieved by having the right amount of air in
each workstation location and good removal of pollut-
ants (harmful gases) (Zeqiri, et al., 2011; Zeqiri, et al.,
2011; Zeqiri, 2012).

By analyzing the microclimatic conditions, initially,
the fresh air must be regulated through the airways ac-
cording to mine ventilation design. Many mining scien-
tists have dealt with the regulation of air parameters in
the Trepca Mine in Stantérg, always trying to connect
many other parent mines with this mine. These goals, to
connect these mines with the Trepgca Mine in Stantérg,
still remain unrealized, the connection of which would
have importance and effect not only in connection with
an increase of production, but would also greatly facili-
tate ventilation of the mine including the first horizon,
level 610m (Zeqiri, 2021).

The main fan ventilator, old and new, installed in the
Trepga Mine in Stantérg, have been considered as an op-
portunity for this mine and other parent mines to be ana-
lyzed separately from each other, also, have been con-
sidered as a joint study opportunity.
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Figure 1: Ventilation scheme for
the Trepga Mine (Zeqiri, 2004)

The Trepca Mine in Stantérg is surrounded by other
parent springs such as: Mazhiq Spring (Quota 830m),
Maja e Madhe and Xhidoma (Zeqiri, et al., 2016; Zeq-
iri, et al., 2019).

The microclimate parameters in this mine represent a
set of environmental conditions, which, through the de-
sign and creative implementation of the central and local
ventilation system, must be regulated and maintained in
accordance with the norms of exploitation.

In this context, the ventilation system of the Trepga
Mine in Stantérg, conceived and applied depending on
the technical solutions of the underground mining tech-
nology, is quite complex and presents in itself many im-
portant problems to be solved and controlled, as it sub-
stantially influences the change of climatic working con-
ditions on the exploitation fronts (see Figure 1).

The constant change of the physical parameters of the
air, on the surface and underground, are closely related
at the same time, both to the climatic conditions on the
surface and to the technical and geothermal ones of the
underground air movement, therefore the appropriate
technical choice is a special importance in terms of
economy, rationalization and provision of proper work-
ing conditions in the underground (Abrashi, 1985; Gos-
kolli, 2006; Goskolli, 2007).

2. Microclimate in the upper mining
horizons

The air condition of the mine and its impact on the
workers are extremely important in carrying out any work.
Air condition is defined by climatic factors, especially
temperature and humidity. Its mission includes the supply
of fresh air for underground staff, diluting and discharging
harmful gases and floating dust and regulating the climatic
conditions of the mine in order to create a good production
environment (Jinzhang, Peng, & Zhuang, 2020).

In order to obtain an accurate idea of the physical pa-
rameters of the air entering the mine, measurements
were made in real conditions with acceptable accuracy
of the physical parameters of the air near the new venti-
lation shaft and the northern service shaft (Kearney,
et al., 2014).

The results of measurements of climatic parameters,
at the surface points of the mine during a calendar year,
for both the old and the new ventilation system are given
in Table 1.

In order to present the performance of the microcli-
mate during a calendar year as clearly as possible, in
some characteristic points of the mine, we have analysed
the values of temperatures measured with a psychrome-
ter in the dry (t) and wet (t,) thermometer and the values
of relative humidity j(%), in elevations 760m (mine sur-
face) and 135m (deepest mine level) for the new and old
ventilation system in different periods from 1972 to
2021 (see Table 1).

From the results of long-term measurements summa-
rized in Table 1, for 1972 and 2021, we have the corre-
sponding diagrams for air temperature and humidity (see
Figures 2, 3,4, 5,6 and 7).

From the above diagrams (see Figures 2, 3, 4, 5, 6
and 7) visible differences are seen for the two parame-
ters analysed, so we draw general conclusions regarding
the comparisons made for both atmospheric air, and
ground air (according to two ventilation system 1972
and 2021) as follows:

1. The air temperature in the underground workings

throughout the year is higher than the atmospheric
air temperature (Figure 2, 3 and 4).

2. The relative humidity of the air at the point of
the underground workings is significantly lower
than the humidity at the surface point of the mine
(Figure 5 and 6).
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Table 1: Monthly climatic parameters for the ventilation system, year 1972 and 2021 (Zeqiri, 2004)

Ventilation system

The old ventilation system1972 New ventilation system 2021
Zone Zone
Gallery Gallery Gallery Gallery Gallery Gallery
Stope | Gallery 760m | 645 135m 760m 602m 135m 600m
Depth Om 158m 628m Om 158m 135m 160m
Parameters
Month t[°Cl | @[%] |t ["C] | o[%] | t [°C] | o[%] | t [°C] | @[%] |t ["C] | ¢[%] | t [°C] | o[%] | t [°C] | @[%]
I 2 84 5 76 17.8 78 1 69 9 66 15.8 67 7 74
II 5 86 8 87 24.6 96 1.5 75 12 69 16.8 | 69.5 7.7 71
I 9 64 22.4 73 19 66 2 57 11.5 68 17 65 8.9 75
v 11 88 22.4 79 20.6 70 7 72 14 77 19 74 12 79
A% 17 81 23 84 22.4 76 18 68 18 66 20 63 17.5 68
VI 21 75 24 84 25 70 18 71 18.2 71 20.1 64 16 68.7
VI 20 91 24 92 26.8 82 14 85 21 83 20.9 68 18.4 81
VIII 21 86 23.6 82 24.4 70 18 82 22 78 22 69 17.8 84
IX 14 85 23 82 24 84 14 82 23 84 225 | 794 14 77
X 12 89 22.4 87 20 74 7 65 17 65 18 66 12 68.4
XI 14 90 22.6 79 21 83 8.9 78 16 68 20 589 | 11.6 | 80.1
XII 2 97 20.2 76 15.6 66 5 76 18 67.5 21 75.8 8 77.2
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Figure 2: Monthly temperatures in the elevation 76om Figure 4: Monthly temperatures at elevation 135m AMSL at
AMSL atdepthH=0m depth H = 628m
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Figure 3: Monthly temperatures in the elevation 602m Figure 5: Monthly humidity in the elevation 76om AMSL at
AMSL at depth H = 158m depthH=0m

Since the ventilation network of the Trep¢a Mine is  mine. The results of measurements for 1972, 1994 and
quite complicated, a more emphasized analysis and 2021 are systematized in Table 2.
comparability of microclimate have been executed in From the results of measurements for underground stope
some underground stops, depending on the depth of the  presented in Table 2, (air temperature and humidity) for
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Table 2: Climatic parameters according to the depth of the stope for the ventilation system, year 1972, 1974 and 2021
(Abrashi, 1985; Zeqiri, 2004)
Ventilation system
The old ventilation system, The new ventilation The new ventilation
year 1972 system, year 1994 system, year 2021
Parameters Depth Dry tem Humidity Dry tem Humidity Dry tem Humidity
Stope H[m] t["C] o[%] t[’C] o[%] t[’C] o[%]
52/C-II 180 24.2 92 22.4 90 18 66.4
7218-111 230 25 95 21.8 92 18.4 82
12701-I11 275 23 96 23 90 21 78.1
87/D1-1V 300 25 95 22 93 22 72
89/F -1V 300 24 96 23 97 22.1 72.3
90A -V 355 27.2 94 26.2 92 21.9 74.1
1698-V 385 23 92 23 92 21.7 68
107/A-VI 415 26.8 94 25.4 94 22.1 80
1873-VI 445 25 95 24 93 22 81
119/3-vII 460 26.8 94 27 97 22.8 79
119/B-VII 488 26.8 94 20 97 22.7 85
120/A-VIII 560 24 92 24.4 92 23 83.4
121-VIII 560 25 92 25 89 23.6 81.9
131-IX 625 27.6 95 26 93 222 87.6
139-IX 625 26.6 95 25.8 95 242 86.9
2405-1X 625 25 94
Quota 602m 10
100
-
80 o S e AP S P *y g 7
= ._,_,-af-?/. /’\v,/ g N %’
z® % 20
Tg 0 - e 4. §1072 é’_
” —+— 52021 [ 15
0 10
I 1} m v v o v vIe v X X XX S Q&
Months q»\":m\*":;«&;\"”';\*""ip"”ﬁ@”g\‘*"\;"’j»\'”gﬁ,\*”io’ﬁv‘%"):*“‘f\*
Figure 6: Monthly humidity in the elevation 602m AMSL at Figure 8: Workplace temperatures at different depths
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Figure 7: Monthly humidity at elevation 135m AMSL at
depth H = 628m

the three-ventilation system, depending on their depth,
Figure 8 and 9 are constructed.

From Figure 8 and 9, it is noticed that:

Figure 9: Relative humidity, according to the depth
of the stope

1. The temperature of the working environment, re-
gardless of its depth, is high, reaching the limit
values allowed by literature used of the norms of Se-
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curity Technique (Nuredini, 1996; Development,
2016).

2. The relative humidity, according to the depth of the
stope, exceeds the values of 90-98%, both for the old
ventilation system (1972 and 1994) and for the new
ventilation system (2021) which varies in the range
from 66.4% to 87.6%. However, although in the new
ventilation system of 2021, the relative humidity is
significantly lower than in the other two ventilation
systems, it still presents a difficult and unsuitable at-
mosphere of the working environment.

In this regard, we conclude that the increase in the
amount of air in the entrance spaces has very little effect
on the improvement of climatic factors in the work envi-
ronment, reducing the air temperature to invisible val-
ues, which is clearly seen from the comparisons made
between the three ventilation systems.

3. Microclimatic conditions in the deep
horizons of the mining

Based on the numerous research studies that are
around the world in the field of mining technique and
medicine, it has been concluded that man feels comfort-
able in the appropriate influence of the physical factors
of the surrounding environment on the surface. Among
these factors, we first consider air temperature, average
surface temperature of radiation, air velocity, pressure,
and humidity. Therefore, to analyse the microclimate of

the deep horizons of the mine, the microclimate param-
eters were measured and studied in workstation 139,
which is located at a level of about +135m, respectively
at a maximum depth of 625m from the surface (see Ta-
ble 3). To study the dependence of the change of micro-
climate parameters from the operating mode of the fan,
periods of its operating mode from the maximum value
of total pressure from about 4000 (Pa) to the minimum
of 250 (Pa) are included in the measurement (Zeqiri,
2004; Goskolli, 2018).

In the operating mode of the main fan with total pres-
sure 250 (Pa), air circulated only through the main cor-
ridors of the horizon, where the aerodynamic resistances
were smaller, so the operating mode of the fan with min-
imal total pressure was caused by large air losses in the
ventilation network, which have been the result of short
circuits and insufficient stoppings in the main air outlets.

From the results of measurements of microclimate
parameters in the working districts of the most charac-
teristic stope: 52/C and 139, for both the old and the new
ventilation system (see Table 3), we construct the re-
spective Figures 10, 11, 12 and 13, for the temperature
and humidity of the air.

From the analysis of the measured values and present-
ed in Table 3, as well as in Figures 10, 11, 12, and 13,
we conclude that:

1. The air temperature in the highest-level environ-
ment (stope 52/c) is lower than the low temperature
(stope 139). This conclusion is valid, not taking
into account the change of ventilation system.

Table 3: Monthly climatic parameters for the ventilation system, year 1972, 1974 and 2021 (Abrashi, 1985; Zeqiri, 2021;

Zeqiri, 2004)

Ventilation system

Old ventilation system 1972 New ventilation system 1994 New ventilation system 2021
Stope 52/C 139 52/C 139 52/C 139
Depth 180m 625m 180m 625m 180m 625m
Parametrat
o t[°Cl | o[%] | t[°C] | o[%] | t[°C] | o[%] | t[°C] | o[%] | t[°C] | o[%] | t[°C] | ¢[%]
1 24.2 92 26.6 95 22.4 90 25.8 95 21 81 24.2 80
1T 24 92 26.6 95 22.8 90 25.6 9 21.8 79 23.1 81.2
I 24.6 92 25.6 95 24.6 88 25.6 92 21.6 72 23.6 78.9
v 24.8 94 25.2 97 232 90 26 92 22 70.2 24 95
A% 25.6 92 25.6 95 23 93 25.8 94 20.8 69.1 24.2 72
VI 25.6 92 27.4 97 23.4 92 26 92 21.9 82 243 78
VII 26.8 88 27 95 23.6 92 26 94 22 70.5 24.6 72.1
VIII 26 92 27 94 24 92 27 97 222 79.9 25 823
IX 25 97 26.8 94 24.4 89 26.2 95 22.9 85 25.6 82.2
X 24.8 95 27 95 23 92 26 92 21.9 84 23.9 83.3
XI 25 95 26.8 94 22 92 254 92 21.7 68 22.9 73.6
XII 25.4 94 26.6 95 22 92 25 92 20.4 74 23.7 75.7
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Figure 13: Monthly humidity in the stope 139

2. Relative air humidity (stope 52/c), regardless of the
level of the stope, ventilation system and the an-
nual season, has very large values above 92%,
while in the 2021 ventilation system there is a sig-
nificant decrease in variation 69.1% wide to 85%,
which is characterized by extremely unfavourable
conditions. At these high values of relative humid-
ity in different stopes, the temperature difference
between dry and wet thermometers does not ex-
ceed 1°C, which shows that the climatic conditions
in these stopes are outside the limits provided by
the legal norms of climatic conditions in the prem-
ises underground.

4. Conclusion

The state of the microclimate, regardless of the ventila-
tion system, respectively the amount of fresh air in intake
entrances, is almost identical for all stopes in the Trepca
Mine in Stanterg. The unsuitable climatic situation of the
working environment is characteristic of any period of the
annual season. Based on this research, for the improve-
ment of the climatic conditions in the stopes of the Trepca
Mine in Stanterg, it is not enough just to change the venti-
lation system but the distribution of sufficient quantities
of fresh air must also be applied in the direction of the
analysed stope and the other planned stopes.

In this regard, it is also necessary to reconstruct venti-
lation routes that would provide sufficient amounts of
fresh air flowing from the main corridors - galleries in the
direction to these stopes. Also, the regulation and distri-
bution of fresh air by ventilation doors, regulators, and
special secondary fans will improve the climatic condi-
tions on the mining stopes. As a precondition, it is neces-
sary to reduce air losses in the ventilation network by
applying insulation of old mined stopes and their hermet-
ic seal and reconstructing existing ventilation galleries to
increase the ability to move air with safe parameters.

The general conclusion derived from this research is
that the aerodynamic resistance of the underground air
routes in the galleries has large values created in the
working environment. Therefore, instead of going
through these galleries to the stopes, the air currents eas-
ily go to short connections of the minimum resistance,
avoiding the work environment. Therefore, changes in
air distribution in the ventilation network would also fa-
cilitate the work even with a greater number of workers
engaged.
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SAZETAK

Usporedba mikroklime u horizontima rudnika ,Trep¢a” u Stantérgu

Analiza i usporedba klimatskih uvjeta otkopa u gornjim i donjim horizontima rudnika ,Trepéa” u Stantérgu osnovni je
princip kontrole i pobolj$anja klimatskih uvjeta jer se na temelju tih podataka osiguravaju dovoljne koli¢ine svjezega
zraka na rudnickim radnim mjestima. Problem mikroklime u raznim podzemnim rudarskim radovima zahtijeva konti-
nuirana mjerenja na glavnim radilistima, stoga su za vise horizonte koristena dosadasnja mjerenja ventilacijskih parame-
tara, a za pojedina radili$ta u dubljim horizontima kori$tena su novija mjerenja za vremensko razdoblje do 2021. godine.
Mjerenja su obavljena na razli¢itim postajama razli¢itih horizonata, izradena je baza podataka prema dobivenim vrijed-
nostima te dijagrami za dva mikroklimatska parametra (temperatura i vlaZnost zraka). Znanstvena analiza tih podataka
omogucuje procjenu klimatskih parametara i mogu¢nosti njihova pobolj$anja, predstavljenih u ovome radu. Prikazani
rezultati pokazuju da za poboljsanje klimatskih uvjeta u rudniku ,Trepéa” u Stantérgu nije dovoljno samo promijeniti
ventilacijski sustav, vec¢ je potrebno i pravilno rasporediti (regulirati) dovoljnu koli¢inu svjeZega zraka prema otkopnim
radili$tima, onim postoje¢im i planiranim u buduénosti. To je potrebno radi povoljnijih uvjeta rada, ponajprije klimat-
skih parametara, ¢ime se postiZe i ve¢a produktivnost rada.
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mikroklima, koli¢ina zraka, temperatura zraka, vlaznost, gubitci zraka
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