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A BSTRACT. All significant events registered by continuous seismic monitoring system
at rhe J elšava magnesite mine during t lie period from J lily 17, 1993 to May 1, 1995
are described in the paper.

It is shown that in all cases of significant geomeclianical events the increase in
seismic activity was observed 6 - 8 hours before the main event. Such behavior of
seismic activity was rio t obser ved before events of gravity character 01' at sudden
stress redistribution after big destruction blasting work.

On the basis of coritinuous seismic moni toring it is possible to det errnine the places
with high stress and to predict the significant anomaIous geomechanical events several
hours before.

1. INTRODUCTION

An extraordinary event which occurred at the Jelšava deposit in 1991 resulted in
a collapse of the roof in the uppermost chamber of the Dubrava part of the deposit
causing a surface crater with climensions approx. 150 x 100m arid 50-70m deep.
Due to the fact that this happened by pure coincidence on a holiday, no casualties
were registered.

Since there was a chamber with dimensions of approx. 350 x 180 m and 50 - 80 m
high macle at the borizon of 482 m in the Mikova part of the deposit (hereinafter
tbe Mikova chamber), the problern was approached by continuous monitoring of
seismoacoustic (SA) activity ancl by convergency measurement of the roof in this
charnber.

The monitoring system UGA-15 (VVUU Ostrava-Radvanice), which enabled a
more cletailed investigation of inducecl seismicity, was installed in the area of the
Mikova chamber in 1993.

Continuous SA monitoring was intendecl to localize seismic events with sufficient
accuracy, to determine their energies and seismic operational rnodes for individua]
areas of the deposit, particularly for parts of the Mikova chamber. After a year 's
trial operation ancl cleterrnination of a norrnal seismic mode, activities were initiated
to monitor anornalous stress conditions of the massif and seismic activity which
prececles these conditions. The aim of seismic monitoring was to find precliction
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parameters for anomalous seisrnic events ancl safety eriteria for extraction in lower
levels beneath the Mikova charnber.

AU signifieantevents registerecl cluring the period from July 17, 1993 to May
1, 1995 inclucling an alyses of some possible precliction parameters are cleseribecl in
this paper.

2. NETWORK SET-UP AND MEASURING SYSTEM DESCRIPTION

The seismic network at the deposit was set up in the surroundings of the Mikova
chamber and comprises three seismometers and 13 pes of seismoacoustic sensors.
The seismometers (No. 101,102 and 103) were located 482m above sea level and
their amplification factor is 100 (see Fig.l). The Si\. sensors were Iocated at the
following horizons:

390 m a.s.I. - sensor No. 100
430 m a.s.l. - sensors No. 104,105 ancl111
440 m a.s.l. - sensors No. 106 and 107
482m a.s.l. - sensors No. 108,109 and 110
500 m a.s.l. - sensors No. 112, 113, 114, 115
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FIG.1. Map of the Jelšava mine at a level of 482m a.s.l. with sensor
localization

Prearnplification of the SA sensors is 200. In July 1994 a11the SA sensors were
rebuilt to active ones having preamplifiers locatecl directly at geophones inclucling
aetive DC eurrent loops to eliminate peaks resulting from stormy weather and
interfering with eable routes aud sensors.

The software enables:
- continuous data acquisition,
- preliminary data processing and elimination ať interfering events (peaks),+ data transmission frorn the collecting PC to a laboratory (rnonitoring)



SEISMIC r.,/loNITORING AT THE JELšAVA DEPOSIT 209

- cletermination of localization ancl energy of events
- keeping the records of events
- keeping records of selected wave images
- interpretation ancl data plotting inclucling map clocumentation

:3.RESULTS FROM CONTINUOUS MONITORING

Fig.2 represents the course of a summary Benioff's graph together with a line
graph showing individual seismic events. The height of the individualline is pro-
portional to the roots of energy. The data. file [rOlTI Sept 1, 1993 is complete except
for a. clrop aut in the measurement caused by a. lightning. New parameters were
enterecl a.ncl a. higher sensitivity of the sensors was preset on Feb 1, 1994 ancl a new
software version was installecl. All of that was refieeted in the changes in the slape
of Benioff graph.
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Fra.2. Benioff graph ať the Dúbrava massif at tbe Jelšava mine from
July 1, 1993 to May 1, 1995

Altogether six significant events were registered during tbe period of continuous
registration from J uly 17, 1993 to M ay 1) 1995) three of w hich at the beginning
of registration in the period of trial operation. At that time a11 parameters of the
apparatus were not preset to optimum. And despite of this, the quality of data
enabled comparable interpretation ať all events.

3.1. Normal D'evelop m en.i

The slape of the Benioff graph ranges from 1 to 1.2 ft per clay within the entire
deposit. Since the slope of the Benioff graph was very low even loeal events could
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be seen well f1'o111the sumrnary Benioff graph. Sep ar ation of natura! events frorn
blastings was of the utmost importance because a number of blastings are more
significant than the natural events.

Daily increment of tlie Benioff graph from the registered blastings was app1'Ox.
20 JJ per clay. .'

3.2. Anornalous Events
Anomalous events were registered on the following clays:

Od 13, 1993 - loosening of a block in the chamber roof together with an an-
chor

Oct 23 - 25, 1993 - loosening of a block in the southern part of the charnber after
destructive blasting

Nov 7, 1993 - gravity breakclown of the scrap interchamber pi1lar i.e. "leg"
and break-through of interlevel panels

Jan 16 -17, 1994 - crumbling of the sides of the Dubrava abyss and mavement
of rnass surrauncling the "leg"

Oct 16, 1994 - breakdown of a block in the south-east corner of the Mikova
chamber

Feb 15, 1995 - breakclown of a "groin" in the east part of the Mikova cham-
ber

During the event of Oct 13, 1993 a block with dimensions of approx. 10 x 10 x 10 m
came off from the roof of the Mikova chamber and a geomechanic measuring anchor
came off as wel!. The first seismic events from the Mikova chamber were registered
as early as Oct 9,1 993 (see Fig.3). Their numbers and energies were growing.
Rapiclly increasing spread of deforrnations was taking place from 10:00, Oet. 12.
Loosening of the block from the roof of the charnber oeeurred at 7:47, Oet. 13.
Seismie activity after the anomalous event was facling away in the course of two
days. The Benioff graph shows a typical "S" curve with an increasing part, lasting
two days ancl with r apidly increasing nurnber of events, lasting 8 hours.

Destruction blasting with approx. 9 tons of explosives was earriecl out at 12:23,
Oct.23, 1993, approximately beneath the centre of the Mikova chamber. A few
seconds after the blasting the south sicle of the chamber began to crack, which
resulted in sharp aud frequent SA pulses detected by sensor No.7 (see Fig.4) and
blocks of rock began to fall into the cha.mber which was registered by all sensors. A
block of rock of a,pp1'oX. 100001113 in volume together with sensor No. 7 carne off.

No other pre-shaking (before 12:23) was registerecl before the event since this
was a response of the massif to the rearrangement of stress in the ehamber wall
after the clestruction blasting. Another smaller part frorn the southern sicle of the
chamb er came off without pre-shaking, which was a eonsequence of the clestruction
of the charnbers wall effected on Oct 21, 1993.

One of the most significant anornalous events was registered on N ov 7,1993 when
the gravitational separation of inter charnber pillar i .e. "leg" of the charnber roof
inclucling its drop by 1-10 m took plaee (estimatecl aecorcling to the photo) in the
southeast part of the chamber. At this process parts of the pillar were broken into
bloeks in bulk of almost 1000 m3 which broke through the interlevel roof pill ar and
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FIG.3. Benioff graph of the Dúbrava massif at the Jelšava mine from
Oct. 1, 1993 to Nov. 16, 1993 with the localization of events

carne down from the height of approx. 450 m a.s.l. to 323 m a.s.l.. At the same
time clynamic effects (cracked sicles of the chambers ancl manipulating spaces as
well as movernents at tectonic faults) occurred at the horizon of 323 m a.s.l. On the
basis of seismic monitoring it was possible to analyse the individual stages of this
process from the "leg" coming off via breaking through the interlevel pillar as far as
to the fall of rocks down on the level of 323 m a.s.l. ancl it was evaluatecl as a result
of stress rearrangement in the east and southeastern parts of the Mikova chamber
when stability of the solitary interchamber pillar was lost without its growing stress
[Kalenda 1993; Pompura 1994a].

The increasecl number of the rock blocks tumbling into the Dubrava abyss and
the simultaneous growth of seismic activity in the "leg" area were taking place
on Jan 16-17, 1994, even though no other event having significant consequences
was registered. This event had also a typical exponential waveforrn with activity
growing as early as on Jan. 14 and culminating in the night from Jan. 16 to 17
and with gradual fading of the activity till Jan. 18 (see Fig.5).

Growing activity in the eastern corner of the Mikova chamber was observed again
from 17:40, Od. 16. It was finished at 20:39 by the destruction of the chamber wall
and by a rock block of 10000 rrr' in bulk tumbling clown into the chamber. This
significant event was preceded by a rapid succession of small ones. Fading sequence
lastecl as long as till 3:00, Oct. 19 (see Fig.6).

Another significant event occurred on Feb 15,1995 when a part of a "groin" in
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FIO.4. Wave record of partial destr uction of the south wall

FIC.5. Benioff graph of the Dúbrava massif at the Jelšava mine from
.]an. 1, 1994 to Feb. 1, 1994 with the loca.lization of even ts
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FIG_ 6. Benioff graph of the Dúbrava massif at the Jelšava mine
from Od. 14, 1994 to Oct. 18, 1994 with the lacalizatian
of event s
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FIG.7. Benioíf graph of the Dúbr ava massif at the Jelšava mine fram
Feb. 13,1995 to Feb. 17, 1995 with the localization of events
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the east sicle of the Mikova chamber collapsecl (see Fig.7). This event was linked
with the previous ones of Oet 23, 1993, Nov 7, 1993 and Oet lG, 1994, however ,
the seismic activity was shifted farther northwarcls in to the east side of the Mikova
chamber. Fig.7 indicates the exponential increase of seismie activity which startecl
with tiny events as early as Feb 7, 1995 and continued growing more significantly
from 0:00 on Feb. lG and culminatecl between 5:50-7:50 on Feb. 16., when a
part of the » groin" with climensians of 10 X 5 x 30 m came off frorn the chamber
wall. Cra.eking process in the area of the northeast tunnel at the horizon of 482 m
ancl falling of the sides of charnber 4502 took place at the same tirne. The fading
sequence was relatively short.

The area of the southeast corner of tbe Mikava chamber between the horizons
323 and 482 a.s.l. was rneasured repeatedly in J anuary, Marcli and September.
These measurernents confirrned higher stress in this area as far as about 80 In from
the walls of the chamber which was inclicatee! by higher velocities of the P waves (up
to 7200 mIs) in J anu ary and Marcli 1994 a.nd by moderate rearrangement of stress
in this part at a drop of tbe P wave velocities to approx. 6700 mis in September
1994 [Kalenda 1994; Pornpura 1994b).

4. CONCLUSION

Normal development of seismic activity was cletermined on the basis of rnonitor-
ing the seisrnic activity during the period of July 17 ,1993-May 1, 1995. Significant
events were registerecl during the period and their genesis was monitored.

AU the significant seisrnic even ts characterized by deforrnation dernonstr ated
clist inct exponential grawth in seism ic activity just before the main partieular event,
when the destruction of weakened spots of the massif was taking place. This was
accornpanied by SA emission. This growth lastecl for a couple of hours (the event of
Oct 2:3, 1993 after blasting took anly a Iew rninutes) to a couple of days (the event
of Feb 15, 1995). The growth aud extensive spread of SA activity was registered
by the original SA apparatus beneath the location of the future abyss surely twa
days before the disastrous event of 1991.

This growth of SA activity was not registerecl b efore the events of gravity char-
acter whích were causecl by the 100s of their stability.

On the basis of seismic monitor ing it is possible to predict some areas with
higher risk of the sicles or roofs of charnbers collapse and from the process of stress
deformation of rock. .It is possible to foresee the main event a couple of da.ys in
advance on the basis of extensive development of SA activity. It is not possible to
predict the fall frorn the roof and walls of the charnber.
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