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Experience in the adoption of Room & pillar miningmethod in the
company OKD a.s., Czech Republic

Vlastimil Hudecek!, Jindfich Sancel, Vaclav Zubtek! and Ji# Golasowski

A significant quantity of available hard coal reges in the area of Upper Silesian Basin in the @Z@epublic occurs below the areas
where surface mine subsidence is unacceptable grimanly minimal. An effort is made to mine threserves by means of a new, mining
method yet not approved for the joint-stock compaky, a.s., namely a special modification of thatswmous mining method Room &
Pillar. The main objective is to eliminate the mienéd surface restraints by leaving stable pillafsoal to support the overlying strata.

For this reason, CSM Sever, Mining Plant 2 of OKdXx. realised a test run to verify the problemssiad during mining at high
depths, when implemented in an area where it hasrrigeen used before.

The article is based on published in Journal of iMinScience in the year 2015. In the article, thehars are concerned with
the description of stress-strain monitoring of gifl left after test operation, including its contous evaluation and evaluation of important
operating conditions and activities.

The objective of monitoring is to gather sufficisrformation to assess whether the Room and Ralidraction method can be used in
areas where there is a risk of rockburst.

Keywords:room and pillar, mining method, OKBfress-strain monitoring

Introduction

The only mining method used in the Ostrava-Kan@walfield for a long time is longwall mining along
the strike with caving. By long-term mining opeaat$ in this region, a considerable quantity of dwed been
exploited; however, still, the sufficient potentiebnsisting of coal reserves suitable for miningstsxhere.
Nevertheless, a comparatively significant quamityhese available coal reserves occurs in dersgylated
areas, where surface subsidence is unacceptable.

New possibilities and forms of coexistence with ngvand municipalities are sought, when many new act
and valid regulations determining the authorisatiémining activities and especially the solutionso-called
conflicts of interests, i.e. protection of propesfyphysical and legal entities must be respected.

The basic factor limiting the mining activities tise level of influence on surface structures aédchy
expected mining activities (magnitude of subsideacaindermining) (Vochta, 2016). Classical develept
performed beyond the existing boundaries as atreduthe extension of the mining claim, when common
mining procedures are used, is, with regard to @atpvely demanding legislation regulating the audsdation
of mining operations in such densely populated ,addfficult to put into practice or almost imposkb
The finding of a suitable alternative method of img which would solve the conflict of producensarests and
property owners' interests on the surface, is tmesof few opportunities of extending the life ot mines.

The method of continuous mining Room & Pillar, eivapcertain special modification usable in cormfits
of hard coal underground mines of the coal basithisf place and accepting great tectonic ruggedmi#ss of
layers of up to 20 degrees and mining depth of 65800 m below surface, was selected. The mainctige
was to eliminate the mentioned significant restsion the surface by leaving stable coal pillarsapport
the overlying layers; the pillars should prevend lseparation in the overlying strata and providerthcessary
protection of surface structures (Zhang, 2017).

After considering several localities, a protectpibar of shafts of the localitg"SM-Sever, mine plant 2 as
the place for test operation of a new mining methotlapproved yet was selected. The basic chaistatsrof
a mining plan for the area were published in (M#&I12012; Hummel et al., 2015; Golasowski, 2016).

Laboratory research

In the laboratory research, the main attention paisl to determining the mechanical properties @l co
from the concerned locality. The research was mamtused on the specification of the bearing caparf
pillars when using the method of room-and-pillamimg. For this purpose, mainly compressive stremngth
a different slenderness ratio has been investigattdm the normalised slenderness ratio 1 to kederness
ratio which approximates the slenderness ratiailtzrp in mining conditions. In these conditionsetmeasured
compressive strength was up to 112 MPa. The plyrafimeasured values was used to compile the ssmgne
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equation for compressive strength according todleaderness ratio, see Figure 1, which can senvehé
evaluation of the bearing capacity of pillars, #émas evaluation of their safe
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Fig. 1. Dependence of simple compression streftg@8) of coal on the slenderness re

The mechanical properties of coal were also thésldas determining thamodulus of deformation, Poiss
number and angle of internal friction. Evaluatiohtbese properties is of great importance for miaue
subsidence of overlying rocks and thus of the setfdike in the case of UCS, the modulus of defaione
value is gynificantly dependent on the slenderness ratio éfial., 2016

Monitoring

The decision of the mining authority (OBU v Os#a2013) imposes a duty on the organisation to cles
in the framework of test operation, the course st toperation anto evaluate results after the operati
Increased attention should be paid to chosen paeasnespecially in the following are:

mining and technical -especially stability and life of operated mine readheir maintenanc
requirements, loatlearing apacity of support and its efficiency,

operating and safety dealing with occupational and operational safetgeewlly in the areas ¢
ventilation, spontaneous fire prevention, coal diigposal

the operation of machines and equipment meansettification of all measures that were determine
theframework of the certification process for specifitachines and pieces of equipment, t
reliability and efficiency in the conditions of theompany OKD, a.s.. Moreover, the l-term
functionality aml operating reliability of installed technology mii in cases when mechanisms v
operate at technical limits defined by manufactiraust be verifiec

observation and measurement on the surface shooe phe real influence of this mining methoc
thesurface (Vochta, 2016, Waclawik, 201

the economics of operation should prove the econambility and profitability of the method even
avery low level of recover

For meeting the requirement for monitoring in thimen which followed fromecommendations formulatt
in the expert evaluation of the project on thenatapproved new mining method (Korbel, 2014) ard Vate!
included into the decision of District Mining Autlity (OBU v Ostra¥, 2013), a project on geotechnical
geomecharmial monitoring and its modification in excavation(Waclawik et al., 2013; Waclawik et al., 20:
was prepared.
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The geotechnical or stressain monitoring deals with the detailed obsenraf stability of coal pillars
stability and life of long minevorkings, suitability of used supports, and is rseey for subsequent assessn
whether the methodology of calculation using thegpam ARMPS can be used for the dimensioning dfle
pillars left between mine roads in conditions of thzech part cthe Upper Silesian Coal Basin (Schloeme
al., 2014; Schloemer et al., 2016, Schreiber et28l17). The objective of geotechnical monitorisga gathe
sufficient information for the assessment whetherrhining method Room & Pillar can also be tin the areas
where a rock burst hazard exists. In addition te tollection of needed data and I-term observation,
monitoring should also provide prospective indicatiand identification of potential geotechnical
geomechanical hazards in the s®iDf test operation. The potential geotechnicdlggomechanical hazards
based on both an adopted algorithm for the calomaif pillar stability and general risks considiiia the arei
of road stability and rock burst problems. As thetemtial eotechnical and geomechanical hazards,
following items can be regarded according to (OBOstra¥, 2013)

Failure of left coal pillars:

e increasing the load on coal pillars without martéigisns of brittle deformatio

o brittle failure of the coal piar, such as crushing and sliding of crushed makgiads of the pillar intc

roads.

Failure of overlying rocks above left coal pill:
e stress changes without manifestations of brittfemeation
o brittle failure of overlying rocks above left pitiaend bed separation in the roc

Failure of overlying rocks above driven roe
e plastic deformation,
o brittle deformation and bed separation in the r¢

The hazards mentioned above were incorporated thi@oproposed monitoring method, including
recommended means. As a consequence, values ofng/aonditions were determined and recommende
they are reached, additional measures are nece

The layout of individual devices of geotechnicalmitoring can be seen in Figure

Fig. 2. Locaion of monitored pillars in locality A of excavati V and locality B of excavation Il (Waclawik &t 2013)
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Project on stress-strain monitoring

For the implementation of stress-strain monitorimgy pillars at the beginning of the excavationl&télity
A) and two pillars in the excavation Il (locality) Bvere selected so that observation could be peddron
a long-term basis even after completion and clostithe excavation, see Fig. 2.

Monitoring implementation according to (Waclawikadt, 2014) by means of the installed devices ihetu

Measurement of deformation of overlying rocks aboads; for this purpose, three monitoring elements
namely extensometers, tensometric bolts and proG&M were installed.

Observation and measurement of stress state irottkemass in in-situ conditions carried out by atisd
probes CCBO or CCBM with the possibility of detening the total tensor of state of stress (stresigl)fiof
the rock mass and perhaps of observing its changes.

Observation of changes in coal pillar loading; te teft coal pillars, stress cells measuring theaxial
vertical load are installed.

Measurement of coal pillar deformation; at half #ide of the monitored left pillars, extensometars
installed sub-horizontally in the coal substance.

Observation of the load on installed anchor elememthich is ensured by hydraulic dynamometers
mounted on strand anchors.

Measurement of road convergence by means of statbiionvergence sections (Kajzar et al., 2016)

Location of the devices of geotechnical monitoriag be seen in Figure 2.
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Fig. 3. Location of monitored pillars in locali#y of excavation V (Waclawik et al., 2014).
Continuous evaluation of monitoring
Information about the course of monitoring is px=Ea in partial reports submitted to the Distriéhikig
Authority in Ostrava. Assessment is ensured by imgrkgroups of specialists participating in the

implementation of monitoring with members of thejpct team. The final objective of monitoring ispmvide
in principle two different information sources:

306



Acta Montanistica Slovaca Wlume22(2017), numbeB8, 303-312

Instantaneous, associated with occupational andabpeal safety, coordination and specificationnekt
steps in relation both to the current state of ngraperations in the excavation and to the capfineformation
in the case of possible signalling hazardous cadit

Long-term, which will confirm the correctness of parameters of calculation of dimensions of caltdns
as well as an assumption of their behaviour in dghen conditions so that the used procedures, &dfyec
according to the program ARMPS, could be used irtime operation; further, it will help to collech@ugh
information for assessing whether the mining metRodm & Pillar can also be used in areas wheréézard
of rock burst occurrence exists.

The implemented monitoring of the state of strdssanitored pillars characterises their failure aedines
deformation zones in the pillars (Golasowski et 2014). From the development of monitored vertstatss,
we can conclude that the undamaged core of ther gitadually decreases due to the advance of miBiaged
on the assessment of dynamics of loosening ther mifl coal observed by horizontal extensometersavestate
that in the framework of the whole test operatioa lbosening of the left pillar slows markedly dowinom the
decreasing dynamics of movements on installed boté& extensometers, convergence measurementsiand 3
laser scanning, we can expect at the present tduahowledge that pillar deformation and pillar debearing
capacity can be stabilised. Nevertheless, one ¢gmadict whether and when the loosening of thiapwill be
finished, and the pillar will be stabilised.

However, yet it can be stated that the taken measemts have confirmed the correctness of formulated
theoretical assumptions of the behaviour of th& mdass and coal pillars of specified dimensionstiiguthe
test operation, any anomalous conditions endangeha occupational and operational safety, whicluldio
indicate errors in projects and/or calculationsyehaot been recorded yet. It is especially dateceoning the
application of program ARMPS for coal pillar desidpat should confirm mainly the applicability obakithms,
with which the program works. From the point of wief the operation, it is necessary to state that t
observations have confirmed pillar deformation, pepits dynamics, intensity and time course; tHieces of
mining are much longer than the time necessaryhfermining of reserves from the excavation V, irgéning
operations took place much faster than dynamidetdrmation of coal pillars. However, it is beyothaubt that
the mentioned partial conclusions and previous Bepee have to be confirmed again by repeated
measurements and observation from the long-terrspeicis. To this step, the second stage of monijtatated
in the monitoring project, which will be focused e locality B of excavation Il, leads, see Fig. 2

Assessment of important operating conditions of té®peration
Stability of mine workings

a) Bolt support
Based on the acquired information from the previoperation, performed inspections, observation of
extensometers and convergence measurements, bplitigrns were modified to increase efficiency,
effectiveness and safety when mining with the uk¢éhe yet not approved new mining method. Roof
bolting patterns were changed in comparison with dhiginal basic project; for usual conditions,nfro
original 4 pcs to 6 pcs per metre, for worseneddit@mns 6 pcs per metre, and for poor conditionpc$ +
2 pcs per metre remained without a change in tiginat project. Increased attention was paid te th
bolting of walls, especially adherence to both mtbgy and quality of bolting. The bolting pattenas
changed from one type, 2 pcs per metre + 2 pcsnggre after backing a drilling machine by means of
Alminco Bolter for all conditions to three typescacding to the geological conditions. For usual
conditions, 3 pcs per metre supplemented by 1 parnere in the lower part of the mine working after
backing the drilling machine for the reason of dging the mine working. For worsened conditionsc8 p
+ 1 pc per metre after backing the drilling machinog, and for poor conditions, 6 pcs + 1 pc perenafter
backing. Fibreglass bolts were replaced by steesdh4 and 2.8 m long. The mentioned updating was
incorporated in a supplement to the project on bofiport when mining with the use of the new mining
method not yet approved and confirmed in accordavite legislation by the expert organisation, Green
Gas DPB, a. s. Observations confirm that duringoiberation, the walls are pushed out. Neverthetess,
results of geotechnical monitoring confirm that rifestations correspond to time changes in the piialr
and possible increased degree of pushing out isechuweither by technical shortcomings nor by
technological indiscipline. To bolting the wallacreased attention will be paid in future as well.

b) Floor swelling and changes in shape of mine roads
In the course of mining with the application of that yet approved new mining method, floor swellangl
changes in mine road shape occur in mined-out wgekiMine workings with increased convergence have
to be restored, floor dinting is carried out, battsvalls are thickened, supports of walls are irggh and
repeated bolting is performed.
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c)

308

By regular inspection of mine workings, it has b@eoved that manifestations of convergence of th#s
and the floor do noaffect the stability of the roof (overlying stratand the workings can be opera
safely when operated under the measures mentidrwaa aThe mentioned condition is still monitoretie
condition of mine workings and the manifestatiorfsfloor sweling are illustrated in documenta
photographs in Figures 4 anc

P

Fig. 5. Phot-documentation on floor swelling in the working

Results of checks on extensome

As of 31st October 2015, altogett217 two- and threstage mechanical extensometers were installec
checked in excavation V and mining base | as welinamine workings 300 285 and 300 291 associ
with mining operations with the use of the new mghimethod not approved yet. Aftelosing a part of
excavation V and mine workings 300 291 and 300 285mechanical extensometers are checked i
area as of 31st October 2015. When checking thensatneters during the test operation, exceedini
critical value of bed separation ihe overlying strata above the mine working 300 294tationing 29¢
315 m, in the part of the mine working driven i thlace of tectonic fau— thrust fault in the period frot
September to October 2012 (extensometers Nos.&@nd 21) and the ple of intersection of roads '
3004 and V 300404 was found. Without delay, measure ensure safety were determined
implemented. In addition to the parts mentionedvabany exceeding the critical value of bed separah
the overlying strata was nfidund on the extensomete
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d) Passing of road | 3002 through the thrust f
When preparing a work schedule in the area of egfitin of the new mining method not yet approvad
verification of possibilities of passing throughetkectonic zone cthrust fault character with the use
installed technology was expected in the case @kttiension of the mining base I. The thrust faith a
throw of about 1.3 m was reached by the road | 3fi0&ationing (henceforth referred to as st.) avdn
the 11th October 2015. Based on the interpretatidheodevelopment of the thrust fault, a way ofgag
through the thrust fault plane was proposed, sger€i6

At the same time, the following necessary measwgzg propose

¢ In the part of the roal3002 from st. 160 to st. 179 m, the roof was sumgd according to the patte
“poor conditions”, 2 rod bolts 2.8 m long were apg| from st. 160 m to st. 163 m and from st. 16
to st. 179 m, 3 cord bolts 6 m long per metre aiaade were applie

e Furthermore, at st. 172 m to st. 179 m, 9 corcciinjg bolts IR/IN 8 m long were installed and irtgxat
with resin products Bevedol and Bevedan. The rosf.al72 m to st. 179 mis also supported by m
of 11 supports TH anchored in the roof byrope bolts MCAM that are 13 and 15 m long. The enc
the road is supported in advance by 20 injecting 80) R 32 of the length of 6 m and through tt
injected with Bevedol, Bevedan. The walls of therkimg at st. 160 m to st. 179 m were suppoand
injected with Bevedol, Bevedan by IBO rods R32 2% of the length of 6 1

e After supporting the road as far as st. 179 m,Bbker Miner (BM) was backed out to st. 150 m :
subsequently, the floor was ripped to the levahefseam behind the ust fault (height in the sectic
of up to 5.9 m), from st. 179.5 m the road contsagthe height of 3.5 |

e In the part of the road | 3002 from st. 179 m, thef was supported according to the pattern “[
conditions”, i.e. rod bolts 2.8 m long (mirally 6 pcs per metre of advance) and 3 strand b6lts
long, per metre of advance. In the stated partrab&is damaged. For the given reason, the suimgc
of the roof of the working by means of supports airthored in the overlying layers by 13 ong rope
bolts was initiated.

e Check on individual bolts has not proved any defdiam of bolt washers

The final situation after passing of road 13002thgh the thrust fault is shown in Fig

Operation of machines and equipment in the area capplication of the new mining method not approvec
yet

a) Operation of machines and equipm

During the test operation, any serious defect fgtd a dangerous situation has not occurred yatnD
the operation, short circuits, overheating or aeotfirious or dangerous condition of machines have
occurred. Machines are operated under arduous tammgligiven by the selected area of applicatiothe!
new mining method not approved yet (soft floor,sdiprushing of associated rocks). After compn of
crew training and putting all machines in the ai@a operation, it can be stated that the operatib
machines takes place in accordance with technmalimientation for the given machines, and as thdtse
of operation show, the crew is ablt manage safe operation under these condit

Fig. 6. Photodocumentation on passing of road 13002 througttitinest fault— roof support.
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b) Brushing of associated rocks
Brushing of associated rocks (overlying as welluaslerlying rocks) does not cause any problems in
mining.

c) Soft floor
During the test operation, the operation of machinghe area of application of the new mining rodthot
approved yet has been gradually improved abovéhaltks to crew training, improvement of working
practices, improvement of maintenance of mine wagki(floor dinting and cleaning by means of Scoop
and also manually), and in necessary cases bydayirartificial floor or sleepers with binding byeans of
anchored supports TH.
In parts with long-term operation of wheeled vedsc{above all 430 20/1 in the point of crossingsam),
laying the artificial floor made of sleepers 4 nmdowas tested successfully. The mentioned way of
reinforcement seems to be best for increasingithet the floor; higher costs are compensated &g
in material and decrease in shifts necessary éguient repairs of reinforcement with another matelt is
also continuous watering and salting the floor witagnesium chloride, which causes its compactiah an
makes the disposal of dust on the floor more efiti that influence positively the operation of wieel
vehicles.

d) Turning of the drilling machine Bolter Miner
During the test operation, the turning of the drgl machine to development roadways at an ang@0of
from V 3007 to V 300505, from V 3005 to V 300405drmom V 3004 to V 300406 was tested. In contrast
to usual turning at an angle of 60°, this manneéedétnologically much more difficult; in combinatiavith
a soft floor and especially with increased traveasd longitudinal dips of the seam (more than 1D°)
brings a decrease in advance rates, additional ewdkincreased demands for the abilities of a akthe
drilling machine. After considering all experiendewas determined that the turning of the drillimgchine
at an angle of 90° would be carried out only ineptional cases when required by specific mine sdna.

Ventilation
During the test operation, two situations importaom the point of view of ventilation were recodde

a) If oval air ducts are repeatedly used, internallssed air duct joints, which are part of them, lose
functionality. External sealing of joints of air s ensuring meeting the required ventilation patens
was ordered and is carried out. The mentionedt&ituds being solved with the company CFT supplying
oval air ducts; the company is preparing replaceabiernal seals — the situation will continue ® b
monitored.

b) For meeting the required parameters of suction milation, regular cleaning of filters in wetsiu
separators and channel of the movable end of thauat is necessary. The mentioned works are ieclud
the program of works in the shift for maintenanoe areparatory work; the parameters of the air duet
regularly checked at measuring the volume rateinérairflow in the area of application of the neuning
method not approved yet.

Disposal of coal dust, prevention of spontaneoustagstion in its early stage

In places determined by the technological processining with the use of the new mining method yeit
approved, samples for checking the spread of desta&ten monthly. For the disposal of coal dusthenfloor,
especially in places of operation of wheeled vesiclapplication of magnesium chloride (salting),iclth
together with floor watering also improves condigofor the operation of these vehicles, has prdeetie
effective. After advancing mining operations, ingust is regularly spread along the circumfererfcth® mine
working on the base moistened by spraying a substanppressing oxidation and spontaneous combustion
coal (10 percent CaCl2 solution).

Conclusion

The continuous method of mining Room & Pillar @ ihodification was not used in the Ostrava-Karvina
Coalfield before the test operation. The objectif’éhe test operation is to verify the possibilifyimplementing
the modification of mining technology Room & Piller local conditions of the selected mine and, dase the
obtained results, to achieve the approval of tleeeS¥ining Authority for introducing the new miningethod
Room & Pillar into common operations in the mindsttee company OKD a.s.. With regard to comparable
conditions in the mines of OKD a.s., the possipibf spreading the method generally in the envirentrof
underground hard coal mines of the Upper SilesiasirBcan be considered.
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The preparation, as well as implementation of &@s¢ dperation, has provided a lot of importantiimfation
and experience. In the article, we focus primanoly the practical areas of the problem to facilitdte
introduction and later also the use of the new nginhethod as much as possible.

So far, the experience has confirmed the satisfasiaing of pillars from the point of view of thwperation
in the mine, i.e. occupational safety and operatialjpbility. Another requirement for pillar staityl is
associated with the main objective of the methaainely minimisation of surface effects of mining.rFo
confirming this portion of parameters of the newtlmé, the completion of long-term surface obseoratiwill
be necessary. In the framework of the approval gsscthis part of the problem can also be sohredntethod
Room & Pillar would be regarded as a method notiéimy effects on surface infrastructure; nevertel¢he
intensity of the effects would be determined inegpert mining technological opinion on surface effeof
mining.

As far as proper practical operation is concerried,existing experience in the area of occupatiamal
operational safety shows that the application @dusquipment in ventilation, disposal of coal desiplosion
prevention and prevention of spontaneous combustionits early stage, is suitable. After necessary
modifications of legislation, mining operations dans be performed safely in future even in diffi@onditions
of gassy mines in the Ostrava-Karvina Coalfield.

The machines and equipment used in the technolsggnably have proved to be suitable for difficult
depositional conditions, and if the crew is adeelyatrained and technological discipline is mainéal, required
performance parameters, which are a prerequisitéhto profitability of the mining method, can behaved.
The test operation also shows the certain potettie exists and will still exist in the optimigati of the
organisation of work and operation depending ugmatiic conditions in which the method will be aiepl.

Although the test operation has not answered aktijons yet, based on the existing information,ane
sure that the method Room & Pillar as a modernfxible method has a future. If it is possiblepi@ve that
effects in the form of subsidence can be eliminatechinimized, a considerable quantity of coal ress below
densely populated areas, where the use of clas&chhology of longwall working along the strike thvi
controlled caving is owing to the surface effeais @f the question, can be mined in future.
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