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ABSTRACT

Purpose. The paper analyzes a problem of surface deformation as a result of low-inclined seam underground mining
in Paroseni mine, Romania. Solving this problem makes it possible to predict the effects of the underground mining
on the surface while offering the possibility of taking appropriate measures to protect the objects already available in
the area or those to be built.

Methods. In order to analyze the behavior of the surface affected by underground mining of the coal seams in Paro-
seni mine, the influence function method was applied.

Findings. In the paper, the authors analyze how the underground mining acts on the surface in the case of the coal
extraction in Paroseni mine, Jiu Valley, Romania. The possibility of important object placing in the area affected by
the underground mining has also been analyzed.

Originality. The paper is an original case study; the results, presented by the authors, have been obtained while using
the influence function method, a well-known and widely applied method for investigating the subsidence phenomenon.

Practical implications. The obtained results represent the prognosis of the surface deformation due to underground
coal mining in Paroseni mine, Romania. These results were considered precise enough to determine the amount of
surface deformation and the possibility of important object placing in the area affected by the extraction.
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1. INTRODUCTION

The need to study the phenomenon of surface defor-
mation as a result of underground mining of useful
mineral substances has emerged with the development of
mining and, in particular, with the transition from extrac-
tion predominantly to the surface (open-pit mining) to
underground mining (Ortelecan, 1997; Marian, 2011;
Veres, Marian, Fissgus, & Stefan, 2017).

The subsidence phenomenon is still being studied and
will be studied in the future as it is a topical issue
through the need to protect the surface and the construc-
tions located in the area influenced by the underground
mining (Onica & Marian, 2012; Zhu et al., 2016;
Taherynia, Fatemi Aghda, Ghazifard, & Moradi, 2017).

The Paroseni mining perimeter (Fig. 1) is between the
Lupeni perimeter to the west and the Vulcan perimeter to
the east, in the region called Jiu Valley, Romania.

Figure 1. The mining perimeters from Jiu Valley, Romania
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Underground mining of the coal seams from the
Paroseni mining field has major implications regarding
the stability of the surface and buildings.

Taking into account only the last 25 years (during this pe-
riod coal seams No.3 and 5 were extracted), the volume of the
voids left after the extraction of coal at Paroseni mine is ap-
prox. 1700000 m®. The need to know the amount of surface
displacement in the case of Paroseni mine is also important
due to the fact that it is projected to build an important ob-
ject which was initially designed to cross this mining field.

In order to analyze the surface deformation as a result
of underground mining the influence function method
was applied (Floarea, Marian, Onica, & Cozma, 2015;
Marian, Onica, Marian, & Floarea, 2017).

The influence function methods (Fig. 2) are based on
the prognosis of the surface deformation by means of the
influence area theory around the point of extraction
(Fissgus, 2011; Onica, Cozma, Marian, & Stefan, 2014;
Marian, Onica, Marian, & Floarea, 2017).

A point from
urface

Extracted element

Extracted area

Figure 2. The influence function method theory

Different forms of influence functions were obtained by
several researchers of subsidence including: Bals, Bayer,
Saan, Knothe, Brauner etc. (Wei, Lu, Sun, & Wei, 2007).

In the case described in this paper, for the surface sub-
sidence prognosis due to underground mining, we applied
the influence function developed by Knothe, also known
as Knothe-Budryk method (Luo, Peng, & Zhu, 2008):
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where:

Smax = m-a — the maximum possible subsidence;

m — the coal seam thickness;

a — subsidence factor;

R — the radius of principal influence;

x — the coordinate of a point from the surface;

y —the coordinate of the infinitesimal excavated element.

This method is based on Gaussian distribution of the
probabilities.
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2. SURFACE SUBSIDENCE
PROGNOSIS AT PAROSENI MINE

In order to evaluate the deformations of the surface in
the Paroseni mining field, Knothe’s influence function
method was applied to the panels extracted on the coal
seams No.3 and 5 after 1990, which are considered to
have some influence on the surface (it should be noted
that in this mining field 4 panels are extracted from the
Vulcan mine). Thus, the area of interest was delimited
(Fig. 3), and by applying the aforementioned influence
function and joining the subsidence trough associated
with each panel (using the Excel and AutoCAD soft-
ware), we obtained a common subsidence trough,
3D image of which is shown in Fig. 4.

- PROGNOSIS
ARFA

Figure 3. Prognosis of surface subsidence

Paroseni mine

in the case of

Monitaring Station

Designed objective
Figure 4. Predicted subsidence trough at Paroseni mine

At the end of 2009, a monitoring station was situated
in the area, but since it was done after the start of the
underground mining, a large part of the surface move-
ment was not recorded. It is also considered that the
predicted subsidence trough is the final one.

In Figure 5 is the curve of predicted subsidence and
the measured subsidence on 05.12.2015 in the monito-
ring station.

Figure 4 represents the location of the proposed
object.
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Figure 5. Predicted and measured subsidence curves

As can be seen (both in Figure 4 and in the graph pre-
sented in Figure 6) this object was not projected on a
stable route and may suffer from subsidence of about 3 m.
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Figure 6. Predicted subsidence curves on the route of the
projected object

An important parameter related to the stability of the
surface and of the objects located in the area is the hori-
zontal displacement (after the two directions X and Y),
which is graphically represented in Figures 7 — 10.

Figure 7. Predicted horizontal displacement after X axis

As can be seen from the horizontal displacement
graphs, the surface undergoes significant displacements
in both directions due to the numerous panels under
study. By evaluating the predicted horizontal displace-
ments for the originally designed object, we can see that
it can suffer transversal horizontal displacements of
about 1 m (+300... —600 mm) and longitudinal horizon-
tal displacements of approx. 2 m (+1500...—1500 mm).
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Figure 8. Predicted horizontal displacement after X axis:
(a) on the route of the projected object; (b) on the
route of the monitoring station

For these reasons, the originally designed route can-
not be safe from the point of view of stability and it is
recommended to deviate it to a more stable area.

Figure 9. Predicted horizontal displacement after Y axis

3. CONCLUSIONS

The influence function method belongs to the empiri-
cal methods group applied for the prognosis of the sur-
face deformation due to underground mining. Unlike the
profile function method, this method can be applied and
operated in the case of several extraction areas, or in the
case of the areas with difficult extraction configurations.

By applying the influence function method to the case
of the present research, we obtained an overview of the
surface deformation as a result of underground mining at
Paroseni mine (Jiu Valley, Romania).
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Figure 10. Predicted horizontal displacement after Y axis:
(a) on the route of the projected object; (b) on the
route of the monitoring station
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Following this analysis, it has been observed that the
surface suffers major deformations caused by the under-
ground mining both vertically (in the form of subsidence)
and horizontally (as horizontal displacement).

By comparing the results obtained by applying the in-
fluence function to those measured at the surface, on the
monitoring station, it can be observed (Fig. 5) that the
displacements are higher than predicted. This is due to
the fact that the monitoring station was placed long after
the start of the extraction in the area (thus recording only
a part of the movement) and the predicted displacements
are considered to be the final ones.

Regarding the stability of the projected object (con-
sidered in the paper), its route cannot be realized without
being affected in the future (more or less) by the under-
ground mining, so it is recommended to move it to a
stable area.

If, despite all the inconveniences, it is decided to place
the object in this area, it is advisable to take additional
safety measures to prevent both the surface deformations
and the stresses generated by these deformations.
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MPOTHO3YBAHHS JE®OPMAIIIi 3EMHOI HOBEPXHI METOJI0M
®YHKIIII BILIUBY HA ITIPUKJIAII IIAXTH TAPOCEHI (PYMYHISI)

P.P. Mapian, /[.I1. Mapiau

Merta. [Iporao3yBanus nedopmariii 3eMHOT IOBEpXHi B pe3yNbTati MiA3eMHOI pO3POOKH MOXMINX BYTUIBHHUX IUIac-
TIB y MeXax ripHu4oro Binasoay maxtu [lapoceni (PymyHis) Mmeronom QyHKLIT BIIIUBY.
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Metoauka. [ ouinku nedopmanii moBepxHi B okoiMii maxTu [lapoceHi BUKOPUCTaHO MeTOJ (YHKIIH BIUIMBY
KHnote, axwuii 3acTOCOBaHO 70 BiINparlbOBaHUX MaHeNel ByrinbHUX miacTiB Ne3 1 5, a TakoK MOHITOPHHIOBI CIIOCTEpe-
JKEHHSI TIOBEPXHEBOIO cTaHwiero. O01acTb, 10 Mpe/cTaBisie HAYKOBHH iHTepec, Oyiia BUAIJICHA i3 3aCTOCYBaHHIM METO-
Iy QyHKUii BIUIMBY Ta NUIIXOM 00’€JHAHHS BOPOHKH OIYCKaHHS, MOB’SI3aHOT 3 KOXHOI MaHEIUTI0 32 JJOMOMOTOI0 IIPO-
rpamHoro 3a6e3neueHns Excel, AutoCAD i ciporHo3oBana y 3D-300paxeHHi.

Pe3yabraTu. BcTaHOBIEHO, 110 MOBEPXHS, [I€ MPOCKTYETHCS MPOMHCIOBHIA 00’€KT y paifoHi TipHUYOTO BiABOLY
LIaXTH, 3a3HA€ 3HAYHUX 3CyBiB B 000X HanpsMkax X Ta Y, 1110 OB 5I3aHO 31 3HAYHUM YUCIIOM JIOCIIPKYBaHHX ITaHEIeH.
B pesynbprati OLIHKM NPOTHO30BAaHHX I'OPH30HTAJIBHUX 3CYBIB Ul MPOEKTOBAHOTO 00’€KTA OYEBHIHO, IO BiH MOXeE
MiJIaBaTHCS MTOTIEPSYHIUM TOPU30HTAIEHUM 3MIMIEHHSAM OJIM3bKO 1 M 1 TO3JJOBXKHIM TOPHU30HTAIEHUM 3MIIICHHSIM OJIH-
3bKO 2 M, TOMY MOBEPXHS HE € OE3MEYHOI0 3 TOUKHU 30PY CTIMKOCTI, a 3aKJIaJJeHHs 00’ €KTa PEKOMEHIYEThCS 3MICTHTH J10
6inbi crabinbHOi obxacTi. [opiBHAHHS pe3ynbTariB, OTPUMAHUX 32 JOINOMOror0 (yHKLIi BIUIMBY, 3 BUMIPSHUMH Ha
MOBEPXHI IUIIXOM CTaHIlii MOHITOPHUHTY, 1TOKa3aJo0, 1110 3MILEHHS BUIIE, HIX POrHO3YBAJIOCs, 1 OB’ sI3aHE 3 THUM, L0
CTaHIIisI MOHITOpUHTY OyJia po3MillleHa 33/I0BTO JI0 [0YaTKy BUI00YTKY B 1Iiif 00acTi.

HaykoBa HoBHM3HA. Briepie 111 TipHUYO-Te0IOTiYHIX YMOB PO3POOKH BYTUIBHUX IUIACTIB maxTu [lapoceHi BHKO-
HaHO NMPOTHO3YBaHHS Ta OLIHKY AedopMaliii 3eMHOI MOBEPXHI METOJOM (YHKLIi BIUIMBY, SIKUH € BIIOMHUM 1 IIKPOKO
3aCTOCOBYBAHMM METOJIOM IPH JOCIIIKEHHI SBHIIA OCiTaHHS.

IpakTnyna 3HaunMicTs. OTpUMaHi pe3yJibTaTH JAIOTh MOJMJIMBICTh CIPOrHO3YBaTH BIUIMB ITiI3EMHOI PO3POOKH
KOPHCHUX KOTIAIHMH Ha IOBEPXHIO, a CaMe, 3 JOCTaTHBOIO TOYHICTh BU3HAUUTH OOCST I1e(hOpMOBaHOI IOBEPXHI Ta PO3-
TalllyBaHHS BaXJIMBUX 00’ €KTIB y 30HI PO3POOKH 3 METOIO MOJAIBIIONO MPUAHSTTS BIAMOBITHUX 3aXOJIB VIS 3aXHUCTY
yKe ICHYI0UnX 00’ €KTiB i 00’ €KTiB, sKi OyIyTh OOYIOBaHi.

Kntouosi cnosa: niozemna po3pooka, 8y2iibHi niacmu, NPOSHO3Y8aAHHSl, QYHKYIS GIAUGY, OCIOAHHS, 20PUSOHMAIbHI 3MIUJCHHSL

MPOTHO3UPOBAHME JIE@OPMAIIMA 3EMHOM MMOBEPXHOCTH METOJIOM
OYHKIMU BJINAHUA HA IIPUMEPE IIIAXTbHI HAPOCEHU (PYMBIHUSA)

P.P. Mapuas, /I.I1. Mapuaun

Hean. [IporHosupoBanue aedopMayu 3eMHOI MOBEPXHOCTH B pe3ysbTaTe MOA3EMHOI pa3pabOTKH HAaKJIOHHBIX
YTOJIBHBIX IUTACTOB B Mpejeiax ropHoro orsosa maxtsl [lapocenn (Pymbiaus) MeTo oM QyHKINY BIUSHUSL.

Metoauka. /{ns onenku nedopMaivi MoBEpXHOCTH B OKpecTHOCTH maxThl [lapocenn ucnonb3oBan MeTo]| QyHK-
i BusHusE KHoTa, KOTOpBI NpUMEHEeH K 0TpaOOTaHHBIM ITaHEJISIM YTOJIbHBIX I1acToB Ne3 u 5, a Takyke MOHUTOPUH-
TOBbIC HAONIONCHHSA TOBEPXHOCTHOM craHmmed. IlpeacraBisromas Hay4dHbIM HHTEpec 00nacTe ObUIa OTpaHHYEHA C
MIPUMEHEHHEM MeTosa (QYHKIUH BIUSHUS U ITOCPEJCTBOM OOBEIMHEHHS BOPOHKH OILyCKaHWS, CBSI3aHHOW C KaXIOH
MAHEJIBI0, P MOMOIIHK IporpamMmmMHoro obecredenus Excel, AutoCAD u ciporHo3upoBasa B 3D-n300pakeHHH.

Pe3yabTaThl. YCTaHOBIEHO, YTO MIOBEPXHOCTD, TJI€ MPOEKTUPYETCS IIPOMBIIUICHHBIH 00BEKT B pallOHE TOPHOTO OT-
BOJIa IIaXTHI, HOJABEPraeTCs 3HAYUTEIFHBIM CMEIIECHISIM B 00OMX HAIIPaBICHUAX X U Y, 94TO CBA3aHO CO 3HAUUTEIEHBIM
YHCIIOM HCCIEeIyEeMBIX MaHenell. B pe3ynbpTaTe OLEHKH CIIPOrHO3UPOBAHHBIX TOPU3OHTANBHBIX CMELICHUHN IS MPOeK-
TUPYEMOTo 00BEKTa OYEBHIIHO, YTO OH MOXKET IOABEPIaThCs MOMEPEUHBIM TOPU30HTAIBHBIM CMEIEHHAM OKOIIO | M 1
MPOAOJBbHBIM T'OPU3OHTAJIBHBIM CMCEHICHUAM HOPSAAKa 2 M, MO3TOMY IMOBEPXHOCTb HE SABJISACTCA 6e3onacnoi& C TOYKH
3peHHsI YCTOWYHBOCTH, a 3aJI0KEHHE OOBEKTa PEKOMEHIYETCS CMECTHUTh 10 Oonee crabmipHON oOmactn. CpaBHEHHE
Pe3yIbTaToB, MOIYYSHHBIX C IOMOIIBIO (DYHKIMU BIIUSHUS, C U3MEPEHHBIMH Ha MOBEPXHOCTU IOCPEJCTBOM CTaHIHH
MOHHTOPHUHTA, TTOKA3aJI0, YTO CMEIICHUE BHIIIE, 9eM MPOTHO3UPOBAIIOCH, M CBS3aHO C T€M, YTO CTAaHIMS MOHHTOpPUHTA
OblTa pa3MelleHa 33/10J1T0 JI0 Havaia Jo0bIYY B 3TOi 001acTy.

Hayunasi HoBu3HA. BriepBEIe 17151 TOPHO-TEOIOTHIECKUX YCIOBHH pa3pabOTKH YTONBHBIX IIACTOB MIaxThI [lapoce-
HH BBITIOJHEHO MPOTHO3MPOBAHUE U OICHKA JieopMannii 3eMHOI MMOBEPXHOCTH METOAOM (YHKIIMH BIIWSIHHUS, SBJISIO-
IIHIACS M3BECTHBIM U ITUPOKO MTPUMEHIEMBIM METOIOM TIPH HCCIIEJOBAHUH SBIICHHUS OCEIAHNS.

IIpakTyeckasi 3HAYNMOCTb. [TonydeHHbBIe pe3yIbTaThl JalOT BO3MOXKHOCTh CIIPOTHO3HPOBATH BIMSHUE MOJ3EM-
HOM pa3pabOTKH IONIE3HBIX HMCKOIAEMBIX HAa IOBEPXHOCTH, & UMEHHO, C TOCTATOYHON TOYHOCTH ONPEACITHTH 00bEeM
ne(opMUpPOBAaHHOW TOBEPXHOCTH M PACIIOJIOKEHUE BAXKHBIX OOBEKTOB B 30HE Pa3paOOTKH C IEJbI0 MOCIEAYIOLIETO
TIPUHSATHS COOTBETCTBYFOIINX MEp AJIS 3aIlIATHI YK€ CYIIECTBYIOMINX 00BEKTOB M 00BEKTOB, KOTOPEIE OYIyT IIOCTPOCHBL.

Knrwouesvle cnosa: noozemnas paspabomxa, yeonvHvle RAACMbL, NPOSHOUPOSAHUE, (DYHKYUS GIUAHUS, O0CeOaHue,
20PU30HMATIbHBIE CMeleHUs
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