
ACTA r-.WNTANA IRSi\[ AS CR (1995)
Series A, No.6(95), 27-;:l[

PRELIMINARY RESULTS OF b-VALUES ANALYSIS
FOR MINING-INDUCED SEISMIC EVENT S

KAREL HOLUB

Instituce of Geonics, Acaclemy of Sciences of Czech Republic

Studentská 1768, 708 00 Ost.rava=Poruba, Czech Republic

ABSTRACT. TIie relation b et.ween t he number of events N and t.heir energetic size is
one of the basic relations of eart hquakes or mining-Induccd seisrnic events st.at is t ics.
As an ex arn pl e , the analysis of frequency-energy distribut.ion of seismic cvents, which
wel~e induced by coal extraction iú the longwall coal Iace ancl which were containecl
in the database, is presentecl.
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1. INTRODUCTION

The long-term observations of induced seisrnicity development using data of
the lo cal seismological network in the eastern part of the Ostrava-Karviná Coal
Mine District (Czech Republic) h ave proved , that in individual coal mine fields,
tectonic blocks and/or in wider surrouncling of the mined coal faces, respectively,
the developrnent af seismic activity had have its own specific features [Holub et
al., 1993]. The clifferences between iridividual regions under investigation are be-
ing ascer tained in the process of detailed analysis of separ ate inclucecl seismicity
parameters. These pararneters have been usually presented using different ways,
e.g. hypocenter plots, Benioff's graph with graph of its average slape and cliurnal
incrernent, frequency-energy distribution, Gumbel's functions etc ..

Recently, a cansiderable attention was paid to seismic activity development in
the wider surrouncling area of one coal face in the Lazy Mine w her e tlie searn is
being mined in full thickness, i.e. in one slice approxirnately 6111 height. A det ailed
investigation of mining-incluced seismicity in the region was perforrncd using a
special statistical processing rnethocl, i.e. changes of Irequeucy-ener gy clistribution
of seismic events. Subject of the present paper is some preliminary result.s achieved.
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2. Msruo o OF SEISMOLOGICAL DATA PROCESSING

Tlie relation arnong the frequeney of events N and their si ze parameter, which
could be ch aracterized here as the arnount of released seismic energy E(J), shoulcl
be approximated in bilogaritlnnic seale by linear function accorcling to the formula

log N = a - b log E . (1)

The parameter b (b-value) in the Eq. 1 generally describes the mutual ratio of
weak ancl strong seismic events, while the parameter a in a certain sense deterrni-
nates the seismic regime level in the area under investigation. In orcler to ensure tlie
hornogeneity of energetic level determinat.ion of individua! induced events during
their sorting, the whole energetic spectrum was divided into energetie classes C,
whose relation to the categories of released seismic energy E has been defined by
the following expression

logO.15 + (C -1)/3 < 10gE < logO.15 + C/3. (2)

According to the expression (2), the frequency-energy relation was calculated.
The corresponding frequency of seismic events N contained in the database of the
10ea1 seismologica1 network was attributed to every energetic class. Using this data-
base ancl appropriate software, statistical analyses offrequency-energy distributious
with respect to different time intervals were perforrned (Slavík et al. Hl92). Based
on calculations carried out and on their graphical displaying, as well, there was
stated that the depenclence graphs of N(E) have sp ecific patteru, namely within
the int.ervals of energies log E < 2 and log E > 4. This fact was fur í.her taken
iuto account in defining the energet ic class ranges, for w hieh the frequency-energy
distributions were cletermined.

3. PRELli\llNARY RESULTS OF STATJSTICAL DATA PROCESSING

From the long-term obser va tions of induced seismicity in the Ostr ava-Karviná
Coal Mine District implied that the Lazy Mine is with respect to the strong seis-
mic events occurrence relatively safe (appreeiated aceording to the slape of the
frequency--energy distr ibution). During the tirne period Irem January 1989 till De-
cember ] 993, the average value of b = 1.04 was ascer taiued , while during 1989-1993,
the b-value ranged 0.82-1.04. Accorcling to similar calculation made for the r»
tectoni c block witliin the time interval of 4 ~ years (from .J anuary 1989 till June
1993) only b-value of 1.14 was deLerrnined.

After beginning of the operation of the coal face, the geopbysical rnonitoring in
its wider neighbourhoocl started. The graph of seisrnic events clistribution according
to the seismic energy r elease for E ;::::102.J 01' C ;::::9, respectively, is given in Fig. 1.
During the gradual cornpletion of seisrnic events clatabase and in course of repeatecl
cornput.ations of functions N(E), there was noted that successive r aise of strong
events caused gradual clianges of b-value, i.e. gradual cliange of the approxirnated
straight line slope. During the montlily evaluation af distribut.ions, an instabilit.y of
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recurrence series ofthese strong events was pronoun ced (see Fig. 2). This instability
creates greater deviations as to calculated approximating regression straight lines.
The accuracy of approximation is usually estimatecl by the coefficient of correlation
7'. For an alytical deterrnination of parameters a aud b of the frequency-energy
distribu tion discussed at this stage of investigation, only seismic events which were
quantified by the values of releasecl seisrnic energy within the Iimits of E -:- 100-
2150 J, were used.
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Fw. I. Exarnple of frequency-energy clistribution of min ing-in clu-
ced seisrnic events for the wider neighbourhoocl of the coal
longwall face in the t.ime period from October 27, 1993 till
March 17, 1994.
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FIG. 2. Frequency-energy distributions af the seismic events for the
iudividual rnonths.
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FIG. 3. Tirne dcpendent ch anges of b-values within the hrne interval
from November 1993 tíH April 14, 1994.
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FlG. 4. Time developmcnt of seismic events of E ~ 103 J (N ovem-
ber 1993 - April 14, 1994).

Furt.her step of sta.tist ical set evaluat.iori relied up on its clivicling into individua]
subsets, so th at every of thern contained only 100 seisrnic events. Following calcu-
lations were couducted using the moving window of 6, N = 50 events. Tlie ch08e11
proceclure applied , e.g. by Gibowicz (1979) aud Syrek (1992), in its co nsequen ces
caused that the original data set fulfilling the criteria of energetic classi ficat.ion ac-



PRELIMINA-RY RESULTS OF b-VALUES ANALYSIS FOR rvTINING-INDUCED SEISMIC EVENTS 31

ceptecl was diviclecl into lG subsets including seismic events observecl during a time
period from November 1993 tíll April14, 1994. Dne to the fact that the last subset
conta.inecl 90 events on ly, the resulting b-value (b = 1.36) seemed not be correct
an d comparable wi th of.her data and therefore was omittecl. For every distribution
(window), b asic p arameters, i.e. range of seismic events consecutive number, ab-
solute values of a and slopes of straight line (b-values) are introduced. In Fig. 3
the graph of resulting time depenclent b-value is representecl, while seisrnic ac tivity
clevelopment for the same time period is given in Fig. 4.

4. CONCLUSlON

Basecl on prelirninary result.s of frequency -energy clistribution an alysis for the
seismic events occurr ing in the wider area of the coal lougwall face in the Lazy
Mine, following con clusions coulcl be drawn:

in 15 subsets of seismological data, tbe slope of frequency-energy distribution
(b-value) varied within the lirnits 0.56-1.09, while the corresponcling coefficients
of correlation r --:-0.852-0.999 were determined;

the raised number 01' strong seismic events and conscquently the higlier hazard
of a strong ro ckburst occurren ce during Marcli 1994 corresponded to lovy aud
reduce d b-values, i.e. in the time when the coal fa.ce was in the phase ať fully
developecl operation;

high and raised b-vallles were observecl within the tirne interval of low seismic
activity level, wit h exception of the st.art iug pb ase of tlie coal face operation
during Novernber 1993.
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