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Stability monitoring systems – CNS sensors
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Source: Stolecki L, Szczerbiński K. Practical Use of Measuring the Deflection of Roof Layers in the Assessment of the Stability of Mining Excavations in the Polish Copper Ore Mine “Polkowice-Sieroszowice”.Mining. 2022; 
2(1):13-31. https://doi.org/10.3390/mining2010002 
Stolecki, L.; Grzebyk, W. The velocity of roof deflection as an indicator of underground workings stability—Case study from polish deep copper mines. Int. J. Rock Mech. Min. Sci. 2021, 143, 104717.

According to the Author's experience due to variety of strength parameters of rocks and
the stochastic nature of rock disintegration, it is impossible to draw a reliable conclusion
in terms of dependence between the velocity of roof deflection and roof fall hazard based
only on theoretical or laboratory analyses.

In turn, based on long-term continuous underground measurement of roof deflection it
is possible to determine instability hazard zones what was done in all underground
copper mines in Poland.

A newly developed inclinometric system, tested in in-situ conditions was successfully
implemented in regular operation in KGHM mines.



Stability monitoring systems – Instrumented rock bolts
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Ist warning level - 40 % of tensile strength

IInd warning level - 80 % of tensile strength

 

On the basis of detailed in-situ stress analyses, the warning levels for rock bolt
support were determined.

Now with the use of newly developed instrumented rock bolts, it is possible to track
stress changes and indicate when and where roof instability may be expected. Such
analyses are not possible with the use of for example numerical modelling, due to the
lack of reliable data about the current rock mass strength.

Source: Pytel, W.; Mertuszka, P.; Fuławka, K.; Lurka, A.; Pałac-Walko, B. Resultant Axial Stresses in Instrumented Rockbolts Induced by Dynamic Effects Occurred Due to Multi-Face Blasting in 
the Working Areas. Tunnelling and Underground Space Technology 2021, 116, 104088, doi:10.1016/j.tust.2021.104088. 



Testing of explosives – verification of parameters
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The efficiency of the excavation process as well as the effectiveness of
rockburst prevention is strictly related to the performance of
explosives used during blasting works.

Unfortunately, parameters which may be used to describe the Energy
of detonation like the Velocity of Detonation, are sensitive to any
changes of the environment.

Temperature, humidity, and diameter of a
charge are factors which affect the „power of
explosion”

In such a case, most of the measurements
performed in control laboratory conditions are
not cover results obtained in in-situ
conditions.

Source: Mertuszka, P.; Fuławka, K.; Pytlik, M.; Wincenciak, J.; Wawryszewicz, A. The Influence of Time on the Density and Detonation Velocity of Bulk Emulsion Explosives – a Case Study
from Polish Copper Mines. Cent. Eur. J. Energ. Mater. 2019, 16, 245–258, doi:10.22211/cejem/109839. 



Performance of explosives – rock fragmentation
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Improvement of rockburst prevention
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Source: Fuławka, K.; Mertuszka, P.; Pytel, W.; Szumny, M.; Jones, T. Seismic Evaluation of the Destress Blasting Efficiency. Journal of Rock Mechanics and 
Geotechnical Engineering 2022, S1674775522000130, doi:10.1016/j.jrmge.2021.12.010. 



Novel technologies – 3D rockmass imaging
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Source: Schouten D (2019) Muon geotomography: selected case studies. Philos Trans R Soc A 377:20180061. https://doi.org/10.1098/rsta.2018.0061
Sloowere PD et al (2018) How to detect disorders during tunnel digging with a muons telescope mounted on a TBM Normal access. In: 24th European meeting of environmental and engineering geophysics. 
Chevalier A et al. (2019) Using mobile muography on board a Tunnel boring machine to detect man-made structures. American Geophysical Union, Fall Meeting 2019. https://ui.adsabs.harva
Zhang, Z.-X.; Enqvist, T.; Holma, M.; Kuusiniemi, P. Muography and Its Potential Applications to Mining and Rock Engineering. Rock Mech Rock Eng 2020, 53, 4893–4907, doi:10.1007/s00603-020-02199-9. 

An underground site is also a suitable place for performing innovative
non-mining research.

One of the most recent projects aimed at the development and testing
of novel exploration methods is the AGEMERA initiative where 3D
muography usefulness will be evaluated.



Physical and astrophysical measurements
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Underground space, due to unique environment, offers several
opportunities in the field of science, research, and education. Rapid
development is visible mainly in the scope of advanced physical
measurements deep under the ground surface. This is due to the presence
of natural coverage that provides a significant reduction of cosmic ray flux
or flux of neutrons when compared to the surface. As a result, numerous
underground laboratories aimed strictly at astrophysical measurements
have been set up during the last twenty years.

Source: Pactwa, K.; Konieczna-Fuławka, M.; Fuławka, K.; Aro, P.; Jaśkiewicz-Proć, I.; Kozłowska-Woszczycka, A. Second Life of Post-Mining Infrastructure in Light of the Circular Economy and Sustainable Development—
Recent Advances and Perspectives. Energies 2021, 14, 7551. https://doi.org/10.3390/en14227551 
Szkliniarz, K.; Walencik-Łata, A.; Kisiel, J.; Polaczek-Grelik, K.; Jędrzejczak, K.; Kasztelan, M.; Szabelski, J.; Orzechowski, J.; Tokarski, P.; Marszał, W.; Przybylak, M.; Fuławka, K.; Gola, S. Characteristics of Natural 
Background Radiation in the Polkowice-Sieroszowice Mine, Poland. Energies 2021, 14, 4261. https://doi.org/10.3390/en14144261 
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