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ABSTRACT. The continual observation of the stresa-strain changes at Lubenik mag-
nesite deposit was conditioned by searching for the possibil.ities of geomechanical
control of the extracted spaces.

The introduction of continual seismoacoustic monitoring was aimed at the local-
izatíon of microseismic events, at the evaluatíon of their energies and at the forrnat ion
of a database.

Results achieved cluring one year of rnonitoring represent possibility of continual
gathering of geophysical data and show the development of seismoacoustic activity
in ti me ancl in clependence on mining operat ions.

1. INTRODUCTION

Liability to ensure the continuous measurement of stress and deformation con-
clitions at the Lubenik deposit results frorn the investigation of an extraordinary
event of Sept. 6, 1991, when a huge tumbling of overlying str ata occurred.

Continuous monitoring of seisrnoacoustic (SA) activity which began at the de-
posit in 1992, despite the limitecl number of processed parameters of SA pulses,
enablecl initial evaluation of conditions in the massif as for its seismicity and provecl
the necessity of applying such a methocl.

The neecl for a more cletailed investigation of seismicity at this deposit was met
by the instal1ation of a new monitoring system UGAC-SL (Coal Exp Ostrava).

2. NETWORK SET-UP AND MEASURING SYSTEM DESCRIPTION

The seismic network at the deposit was set up on the basis ofpresupposecl seismic
acti vi ty considering the possi bili ty of installing some sensors. It consists of 11 acti ve
seismoacoustic sensors and 4 seismometers covering almost the whole deposit.

Deployment of the sensors is apparent from Fig.2 where projection of all the
sensors is outlined up to the level of Horizon VII.

Seismometers were locatecl in the marginal extraded areas with minimum dis-
turbances at the level of Horizon VII (sensors No. 105, 106, 107, 108).

Signals from these sensors with no arnplification were transmitted by cables up
to the surface to the preamplifiers with amplification factor of 100.

Seismoacoustic sensors (SA) were locatecl as follows:
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Horizon V - sensors No. 101, 102
Horizon VI - sensors No. 103, 104, 109, 110
Horizon VII - sensors No.111, 112, 113, 114,115.

AU the SA sensors were designed as the active ones with the amplification factor
of 200 at 200 - 600 Hz with current transfer of their signals up to the surface.

Complete set-up of a new system starting with trial operation was effeded by
the encl of June 94. It was intenclecl to carry out a real-time monítoring oť under-
ground seismic situation throughout the deposit area with the possibility to separate
natural seismic events from blasting (as well as frorn interfering pulses). Localiz a-
tion of arisen events together with their energy evaluation aimed to investigate the
magnitucle of emitted seismic energy in time and space.

The software enabled:

- continuous data acquisition,
- prelirninary data processing, elimination of erroneous events,
- data transfer,
- determination of energy and localization of events,
- archiving database of events,
- archiving clatabase containing selectecl wave irnages,
- interpretation and data plotting including the map documentation.

3. RESULTS FROM CONTINUOUS MONITORING

The initial database of seisrnicity development at the deposit, which enabled
to possibility of evaluate relation between seismicity ancl intensity of blasting ancl
extraction was obtained cluring the period of continuous registration (ťrom June 94.
to May 95). The following time intervals are eviclent from the Benioff's graph slope
cluring the period of monitoring this deposit as a whole (Fig. 1):

- up to July 28, 1994 - normal development
- J uly 28, 1994 - anomalous event
- up to Od 1, 1994 - normal development
- Oct 1,1994 - Jan I, 1995 - intensified extraction
- .Jan 1, 1995 - ApI' 15, 1995 - normal clevelopment at moclerately intensified

extraction

The horizontal interval on the graph in the period from Oet 29 to N ov 17, 1994
represents the tirne interval without any measurement carriecl aut.

3.1. N orm.al Developrneni

Based on increments in Benioff graph (Fig.1) the mean daily increment was
cletermined from valid seismic events to the value of 4.5 ýJ per day.

The daily increment in the Benioff graph from the registered blastings is approx.
32 JI per day.

Substantially higher energy level of blastings against registered natural events re-
quires their persistent separation to avoid the devaluation of the responcling ability
oť the database.
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FIG. 1. Benioff graph of seismic events recorded by the seismoacoustic
system in the period from June, 1994 to May, 1995

3.2. Anomalous Event
One of significant events with the energy of approx. 2900 J was registered at

1:13:33 a.m. on July 29,1994 during the starting period ofoperation ofthe system.
Localization of the event falls to the area where the deposit centre is in contact with
the overlying str ata (Fig.2).
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FIG. 2. Location map of seismic events recorclecl in the period from
June 1, 1994 to October 1, 1995
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The inclicatecl event was prececlecl by three minor ones which occurred in the
area on 28.7.94.

Anomalous behaviour of the deposit touching the Iess solid overlying strata is
confirmecl by the results which were acquired from the bar extension gauges on Hori-
zon VII where the highest cleformations were measurecl at the nearest measuring
st ation to the localized anornalous event.

3.3. Seismicity Development during lntensified Eztractioti
As for the frequency of occurrence of the microseismic events, the active part of

the deposit can be dividecl in to 3 areas (they are eviclent from Fig.2):

- area 1 - central part of the deposit (the one under the last collapse - in 1991),
- area 2 - the one between the centr al and west parts of the deposit lirnited

approx. by sensors No. 102, 107, 113, 111,
- area 3 - west part of the deposit - surroundings of sensors NO.1l4 and 115.

From the beginning of registration to Oct 1, 1994 it was possible to state that
the response of seismic activity to extracting activities was comparable among all
the parts of the deposit (Fig.2). The blasting intensity in the deposit was almost
uniforrn (Fig. 3).
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Fra.3. Location map of blasting works recorded in the period from
June 1, 1994 to October I, 1995

Fig.4 represents relative alterations in intensity of the extraction ancl alterations
in consumption of explosives for each area individually, It is evident from the graphs
that. the extraction in 09/94 was substantially reclucecl as it corresponds with the
consumption of explosives.

Seismic loading given by the consumption of explosi ves in the deposit, corre-
lating with the intensified extraction (from 10/94 to Dec. 31, 1994), was roughly
cornparable for all three areas (Fig.5).
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Frc.5. Location map of blasting works recordecl in the period from
October 1, 1994 to January 1, 1995
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Fra.6. Location map of seismic events recorded III the period from
October 1,1994 to January 1, 1995

Seismic response of the massif to intensified extraction from 10/94 was substan-
tially higher under the turnbling, i.e. in area 1 as it is evident even from the number
of event s in that area (Fig. 6).

The seismic respanse af the massif ta the extraction was calculated as a ratio of
seisrnic loading resulting from inclucecl events ancl blasting smoothed by means of
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a convolution filter with 20 m diameter , cornparable with localization error. This
response of the massif varied from Oct 1, 1994 to Jan 1, 1995 in area 1 within the
valu es of 8-30%, in area 21-10% ancl in area 3 -less than 3% (see Fig. 7).
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Fto . 7. Relation between euergy of SA events ancl energy of blasting
works in the period from October 1, 1994 to January 1, 1995

It follows from the above indicated values that the stress uncler the tumbling
in area 1 (chamber K-726) reached the strength limit of the "cracked part of the
massiť' .

The seismic activity in this area was initiated by blastings (even by the small
scale ones) and also by the extraction of waste from filled chambers under the
tumbling.

Falling of rocks and lanclslicles filling ernp ty spaces were evident from the wave
forms. Different wave registrations, typical of fragile cracking of the rocks in that
area, were probably caused by pressure of waste material on remnants of non-
clestructed parts of some roof and interchamber pillars.

The events were locatecl into the centr al and the west part of the last tumbling at
the level of Horizon V (above K-726,K-724-25). The events were relatively equally
distributed in time and had quite a 10w energy va.1ue (below 0.5 J). The growth of
inclucecl seismicity is eviclent also from the Benioff graph (Fig. 1).

The figure also included the global intensity of extraction ancl global consumption
of explosives at the deposit. Although this was the question of assessment of the
deposit as a whole, there was an apparent growth of seismicity after interrupted
uniformity of extraction intensity which could be seen from the figure.

The trend of growing response of the massif to the extraction in area 1 continued
with the safne symptoms also after Jan 1, 1995 till the end of the monitored period
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(i\lay 1, 1005).

By cornparinn i lre iuduced seisrnicity in ar eas 1,2 an d 3 í.he safe state could be
st ated in area :l

Arca 2 was rf';tll1l"f'c! by sporadic occurrr ncc ar naí.ural events, part.icularly in tbe
conLac:L arca of ! Ilc deposit. and the overlying strata ať. tlie sou tliern eclge of the
arca. As a ruk i.lie r veut s did not cxcccd í.hc encrgy of 1 .J.

4. Co nct.usro a

By COlllp;u'illg th c il1dllCed seisrnicity iIl í.he pr-riod Irorn June 20,1994 to May 1,
[995 i t was pos~ihlf' to di vide t hc Lubeuik deposit. iní.o t.h ree arcas having individual
hch a.viours of i IIci lIccd scisruici ty. Thc scismic activ ity was clispl ayccl to its greatest
oxtcnt in t.lic !"CgiOlJ !H'\lCé\t.!J í.he lasf t.umbling - iu arca I - as a rule above the
level of li oriz on VII .- i .e. above the love] of active work pl aces.

II. cau 1)(' assumcd 011 í.he basis of rclativcly uniforrn occurrence of events having
low enervv lcvcls (Iwlow OJ).J) t.hat growth of energy accurnulatiou does not occur
wit.h in 1.1;1' m assif in LllilL area. Il owevcr , ccrtain fragiJe darnages to the rernaiuing
Ilon-des! roycd p art.s ar tlic massif exposed t.o stress caused by collapsed rnaterial
result.iru; t herchy in a possihility of sudclen clrop of thc released material iuto ernpty
spaces 01' act ive cluunhcrs c.mnot be excludcd.

SOIl:C ",-igiliricr\l1t. cv.int s wi t h more ('IH'rgy (agi1illsl thc event beneat.h tumbling},
but wi: l;(~ss uu iform ()CClI[']'r'llce in t.irue (in ti\(' Jleriod of increased ací.ivity approx.
1 --:3 eV(':ILs per day). wcre I'ť'gistered at t.he coutact of the deposit with the overlying
st.ra í.a. p.ut.icul.uly in i1r(',t 2, b ut also in t.Iw souí.h part of area 1.

'Thc-«: l'\!('uts wcro C()llc!"cld, \Viti, lcss solicl ovcrlyiug ro cks stepping in t.he deposit.
Varirl.k- cxt.ruct.iou intensity in Lhe west part oť t he deposit - in area 3 - had a

liu.lc cJ:''l't 011 t he m:l.!)litllde oť induccd seismicity.


