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HEURISTIC MODEL OF MULTIMODAL ENERGY-FREQUENCY
DISTRIBUTION IN MULTISTRATIFIED ENVIRONMENT
IN PRIMARILY STRAIN-HOMOGENEOUS AREAS

PavEL NALENDA

Coalexp, Kosmonautn 2, 70030 Ostrava-Zabieh, Czech Republi

ABSTRACT. The parameter changes of theoretical distributions (Paretta. Weibnll)
are often used for short—term prediction of strong,
The real observed
these theoretical dist
simple
\\'(';ik
All parameters of
npper limitations and E-F distribntion
npper limitations of E=F distribution have not any prediction abilit
tremors. but they are connected with the apparatus sensitivity and thicknesses of
the hanging wall layers respectively, The develo
modelled in case of coallace advancement
.\I
Such adevelopent of
lavers.

seistic activity and that of the whole coalfice

|. INTRODUCTION

Statistical prediction is based on statistically significant changes in the observed
parameters of seistnic activity.  These changes reflect the stress changes i the
observed massif area. where the seisiic events are registered. 'Two of the most
frequently nsed paraimeters of seisniic activity
energv-frequency (E—F) distribntion slope (Gibowiez. 1979) and the seismice activ-
ity. Both the parameters can be observed simultanconsly in such o nanner that the
real data of E—F distribution are interleaved with some of the theoretical distribi-
tious (Weibull. exponential, Paretto, Paretto’s truncated. polynomial and Lasock.
1993a: 1993Dh).

Statistical prediction is based on interpretation of the changes in parameters such
as fractal dunension (Mortimer, 1997: Lasocki and Mortiner, 1996). sparial non-
ratdomness. spatial correlation dimension. spatial chistering (Eneva. Villenenve,
1997). maxitunm or medinnn height of the events
1999a), the velocity coeflicient drop of aftershock sequency. the slope of aftershock

conditi

layers

1own that th




26 P.INALENDA

sequency after blasting or coal extraction activities (Kalenda. 1992: Kornowski.
Wasko. 1998) with the rockburst occnrrence.

I this paper we will deal with the E-F distribution parameters in real envi-
ronment of the Ostrava-Karvinad C'oal Basin (OKCB). which have some intluence
on statistical prediction
ment of E—F distri
assimption of liomogeneous primary strain state and the nmltilaver envirommnent.

2. ANALYSIS OF |2~ F DISTRIBUTION PARAMETERS
IN C'ONDITIONS OF MULTILAYER Rock Mass

The simiple E-F distribntion

described by four independent parameters
low energy limitation Ey
high energy limitation £ ax
slope b of linear part of £~ 17 distribntion
absolute term a of distribution line
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Fic. 1. Energy—frequency distribntion of single layver

2.1,

ln the case of E—F distribntion there must exist some low linitation, becanse
in the opposite case the bulk of acainnlated energy wonld lave
a bulk unit of the
ifinite).
The low limitati
following consideration: We know the E-T distribution
a coal seamn (b = 1.5) and we kuow the maxinnnn of the observed seismic loading
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in a3 thick coal seam in a square sized 20 x 2010, whicl is abont 2000V, The
seistiie loading is defined as a s of square root of energy

defined area.

reformed coal seani i front of the advancing coalface, in the zone with the inaeased
stress occurring in front of this coal

eveuts i the seusitivity

for the seismic events with energies higher than 2.1, Based on this presmption the

absolute term

logN =a—blog E ()
so that this terin can be accepted

SZ = 2000V . where (2)

' 0 N; <1

SZ = sum (1\71' . \/ET) N> 1. (3)
where E lies between classes E,, = 2.J and Eyax = 1070, The valne of the

absolute tern of distribution line was estimated according to terms (1)=(3) 1o 3.3

(see Fig.2).
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FiG. 2. Evalnation of lower energy Innitation of 1 17 distribntion

Next we searched such a low limitation of the distribution line that conld fir the
total seisiic energy in a block sized 20 x 20 x 3 1. released by events with energies
ranging from low energy level aibove the threshold encrgy Ky up to the waximmm
energy F,,, in whicli a number of events i this energy class is less thau 1. equalling
the
accurnulate up to
can accunntate up to 3.0 GJ of thns energy of elasticity. By releasing all the energy
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of elasticity F o distribution
straight line will he

logN =33 —15logE (h)
the low threshold energy Eq = 2.5 - 1073, By partial release of the elasticity

energy iu the
have a higher value.

The low limitation of E=F distribution in the energy range aronnd 1071

is
connected with dimensions of the siallest structural parts. which a massil is conn
posed of.

Iu the case of seismoacoustic or seismologic monitoring
in the range of about I—-1000.J. or in higher than 50.J. respectively. the lower
llmtatiou of E—F distribution
apparatus (Nalenda, 1996h). On the basis of this low limiration there is no way
liow to predict the
model describing the seismiic activity should ot
distribution. That is why it
distribut
I distribution above its lower linitat
E-F distribution models above their low lhnitations. preferably by the trnneated
finctious, which merge into linear Mmuoctions in their lower parts.

22, High Londalion of E—~1F Distribulion

The Ingh Linut
however. it reflects
zone of the
earthguake (IKijko, Sellevoll. 1989) and also nider conditions of indnced seismicity
(Kijko, Drzezla, Mendecki, 1986).
Wilien monitoring :
It resulted in investigating the strata thicknesses that attect this high limitation ol
E—=F distribution.  This linit was traced up for sandstones and conglomerates
(the hardest.
200 m. The strongest
the rockburst
approx. 2001 between the 37th and 33rd seams above the coalface No. 13733, This

dependence can be described by the

log Eax = 4.29log hh — 0.56. (:

As it
strongest indiced events,
earthiquake
from induced seismicity. T both cases the rongh tabular strocture
and
the weaker eunergy range equation (H) was not
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values were also found wit

1996: Lokajicek, Prikryl, Rudajev. 1996). where dominant energies. inclided in E -
F distribution.

hetween

ranging fromr b =10, we could transcribe equation

log Eax = 4.29logl — 1.41, (6)

where [ [in] is the
The wave—lengths were theoretically verified in the vicinity of weak event foci
by means of their
500 the theoretical
according to equation
1999).
The correlat
the given area was also found with the earthgnakes (Darragh
The high Initation of E—=T" distribution is then independent or only partly
dependent. of the stress in the observed area. It reflects limited dimensions of layvers
iu the area uuder the influence of the
paraneter is not
a paraineter
Ouly thelinear part of E—=F distribution
st
low and below their high linitations. Except for trimcated Paretto distribntion. it
is not necessary to
leave with this
function)

2.3, E~F Dustribution Slope
The third

part
strength of massifin the zone of influence of the coalface, and partly with the stress
i this area of the massif (Scholz. 1968). Based on model measnurements, the slope
vahue shonld go down witly
are close to the maxinmn stress

I the
beliavionr of this parameter. but.
dynamic behavionr. Changes i this parameter conld be looked on as changes of
the stress

Results
haviour of E—~F distribution slope was conformable with the modelling done ou the
rock samples (Lasocki, 1993h:; Holub, 1995: Kalenda, 1996a). but on the other
completely fundamental
ter (Nalenda, 1999a). These deviations were observed especially in the mnltistrata




30 P.KALENDA

environment wit
the hanging wall of the coalface.

2.4, Multimodal E-F Distribution

Majority of the
or less exact description of real E—T" distribution. As the total E - F distribution
m the
segiients of the massif (Holub, 1995; Nalenda, 1999h). the
can be of va
siiiple above said lhmited distributions and biunodal
for example by Kijko,
(1987) up to
even from the complicated conditions in the 37th strata of the CSA mine.
By means of real i situ measurements it 1s not possible to separate ndividual
partial
only the
distributions it would he necessary to localize all
individual layers or strata )
Developmient. of the mean £ I distribution
velopuient of the coalface and
E—T distribution development
velopuient

area.

2. DESCRIPTION OF THE STRATIFIED Massie MoDEL
AND CHANGES CAUSED IN ToTal E—F DISTRIBUTION

From SA measurements
hanging wall and the dependence of maxinmm observed height of seisniic events
foct on Benioft’s graph slope by the developiment of a coallace. Thie thine increase of
Beuioff’s graph slope aud the
ou primary stress before extraction in the observed area, is known as well. The
seistiic activity in individual layers was evalnated by the
(1) Benioff's graph slope of the entire observed area was calculated from the
time when the
(2) From the Benioff s graplh slope. the maxinmn height of seisinic events above
the
(3) Based on the maxin
the seismic activity coefficient for the given strata
(4) Based on thickuness and storage capacity of the
which this
(5) From the strength of the
lated.
(6) Based on the Benioft's graph slope and that of E-F distribution
given la
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(7) The absolute terin in E-F distribution was corrected using the maxinmm
hieight seisinic activity above the coalface (stress attennation against height)
including the lmited activity of the given stratunn.

Based on seisinic mounitoring after starting up all the coalfaces i the OKCB

basin the following enipirical relation between the coal face start-up tune aud tle
Beuioft’s slope has been found:

=l
~—

B =224 [\.f T_,h!::_\"'] : .“[rl:\_\] ’ (
| L

where B [ﬁ/(,lay] represents the Benioff's grapli slope [rom weekly data windows.
Based on SA locahization of events occinring above the coalface the lollowing en-
pirical relation between the maximn height inmetres of events above the coalface

and Benioff’s graph slope was derived:
Inax = oxp((log 13— 0.235) - In(10)) . (8)

Seismic activity coeflictent A i1s defined within a span of 0—1 ax the ratio of the
given strata thickuess influenced by the coalface h; — h; .y where Li_ and h; are
low and high limits of the laver above the coallace foot—wall.

U h_.,, X" _ h,_|
A= }"_L_—/"—‘ hiy < Byns < i (9)
by — hi—y
l h. < h,,‘-_‘—_.;.

The mmaxim Tt energy which the given laver can accummulate was calculated
with regard to the layer thickness. Since equation (5) was not derived for coal seams
but for sohid sandstone and conglonerate strata. the linit energy was corrected hy
cousidering the accwmmulation capacity £.4 [kJ/in?] for the given rocks. with the
average accamnilation capacity for sandstone strata, equalling 25 kJ/m?

log Iyax = (4.291og h — 0.56) + log EA/25. (10)

By comparing the E-F distribution slopes in the ONCB with the strength of
strata i P pressure, influenced by coalface. the following empirical equation was
derived:

h=2.5-0.03225 P[MPa). (1)
With seistniie activity B the following relation between absolute termn ag and slope
b E-F distribution is:

ap = b (1.789 4+ 0.00715 - B) + (0.356 4 0.000889 - B) . (12)

Declining seismic activity towards the hanging wall can possibly be described. with
respect to (9), by equation
/’nmx

a=A ay exp l—lo;_g——r . {1:4)
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Fia. 3. Maltimodal energy-—frequeney distribution

Based on equations (11) and (13). with respect to (10). the occurrences of seisiie

events in individual classes were calenlated in all Tayers (see Fig. 3).

4. DISCUSSION ON RESULTS OBTAINED FROAI

S

MODELLING THE NULTIMODAL E - F DISTRIBUTION

All events in individual energetic classes for all layers were sunmned np to get a
total E -~ F distribution (see 'ig. 3). "T'he value of the slope of the linear part of -1
distribution was calenlated in three connnonly used energy mtervals (see g, 4):

d) (21-21541) for low energy eveuts - mnainly from the coal seamn
2) (215=10000.1) for the proportion of coal to hanging wall seisiic activities

3) (1000 -21540J) — to monitor the hanging wall events.

The method of mterleaving the distribution lines does not have any significant
nmpact. on the resulting relative values of the distribntion e slopes 6. The forims
of IJ =1 distribution lines in individual stages 2 -5, according to Fig. 4. when higher
and higher strata hecome active, are shown i Fig. ha —d. These fignres show diller-
ent types of E-T distributions in the way they were described according to in situ
measurements in the OKCB and elsewhere in the world (see above). from the sim-
ple linear distributions. and stimple linited ones, to himodal Timited distributions
and mltiple ones.

With gradual activation ol the hanging wall strata np to the maximmm. with
the condition of constant primary stress. we could see that the total - T distribn-
tion was continuously changing. which shonld respond to the stress changes. The
changes in E-F distribution slope in all its sections (from low to high energy areas)
are not monotonons. They respoud to the actions of mdividnal Tavers even during
the period when primary stress aronnd the coalface s not changing. VWhen solid
strata become active, the total 12— [T distribution slope goes down but. conversely,
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FiG. 4. Developiient of energyv—trequency distribution slope

wlhien less solid strata becowe active, this slope goes up. which might mislead 1o a
presuniption that the primary stress in the observed area goes down.

Because the advancement ol activity towards the hanging wall is proportional
to a logarithim of the Beniofl™s graph slope. it holds true that the advancement
of maxinnnn height of eveuts observed above coalface towards the langing wall is
eradually decelerating to the stage vntil the top heights get. over the next layer
bonudary—lue. I this case we can talk abont reaching the it activity of the
lavers in the coalface hanging wall. Al the higher Tavers will only get llexnred. bt
thev will ot he disrupted and seisiic events coming lron these layers will not he
observed. Based on thie ONCB's experience the maxinmmn heights ol events were
observed about 200 m above the coalface. the mean maxiimnn heights of events
above the coalface. with about 3w of extracted thickness. range from 20 - 301,
A shdlar sitnation s i the horizontal divection where it is possible to talk abont
reaching the nmiaxinmn dinnensions of the area of inflnence cansed by a coallace.

Wlhen comparing the seisnne activities of individual ayvers of the model fonnd in
the stage of a developed coalface (ie. when the activity has reached its maxinmn)
it was shown that higher layers with lower strength had a higher setsmic activity
with comparison to the lower lavers with higher strength. That was also observed
by the physical modelling with equivalent materials (Machialek. TOR1: 1U85).

From the modelling of nmltilaver environment i specilic cases of the OKCHB we
can see that the incrense of hieight of coalface inflnence. asca result of starting up the
coalface and increased stress i this part of massil. causes the merease in the valine
of E-F distribution slope in its lwear part. This paradox really made nnpossible to
predict. the stress state in the case of all conlfaces in the dth coal block of the C'SA
mine and it was necessary to use the parameters depending only on the seisiice
activity which respouded proportionally to the stress (Kalenda, 1994a).

With the stress increasing aronnd rhe coalface, the slopes of all individual £ I
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distributions go down together with the nieasurements perforimed on the samples
(Scholz, 1968). but their decline is not significant enough to outhalance the changes
i = distributions caused by the activity of the upper lavers of a lower strength.

Modelling the changes in E=1" distributions have brought the following concli-

sions for the tremmors prediction:

— before the coalface is started up it is necessary (o check by modelling how the £ -
[ distribution slope may beliave before the coalface is in its development stage,
and what influence will result from higher stress in the area to the changes in
height of the foci above the coal seain.

— in case of an ummmonotonons change in E—=17 distribntion slope it 1s necessary
to establish the prediction on other parameters snch as the ean or maximum
heights of eveuts above the coalface. seisinic activity, the relation between the
activities in coalface and hanging wall. etc.
in case that the coalface area is monitored by nieans ol a seisimoaconstic method
and a relatively exact location of foci is known. it is possible to mounitor the
changes in E—T event distribnutions for individnal layers. However, mounitoring
of the relative activities of individnal layers, always rellecting the stress changes
in the area, seeitns to be more conveuient paraineter.

5. CCONCLUSION

For the prediction of energetically significant seisinie events by means of E-F
distribution its low and high lhitation parameters are not important. Both the
parameters reflect. above all, the geometric properties of the given layer or stratum
aud/or the measurement sensitivity and they do not depend on the stress state of
the massif in the given area and thue.

The model of stratified rock enviromment with the horizon of well caving rock
shiowed that a chauge in E—-F distribution occnrs during the developiient st age of a
coalface. However, this change is not proportional to stress. It increasingly reflects
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the participation of individnal layvers in total seisimic activity, which in extreme
cases tmay make any prediction by -1 distribntion impossible. This result s
valid not only for the enviromuent of the Ostrava- Karviua Coal Basin bhot also for
any mnitilayer envirotmment.

Prior to mounitoring the coalfaces and predicting important seisune events it will
he necessary to tmodel the developtent of B~ distribution slope and find ont
whethier this prediction is possible or convenient under given conditions.

Afterwards it will be necessary to model real environments and chianges in 5 F
distribution with stress alterations in the developed stage of i coalface (i.e. when the
magnitnde of coalface mfluence and seisimic acrivity do not substantially change),
or under the most complicated conditions. when there are stress changes daring the

coalface developient stage.
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ABETHAKT

Pro kritkodobon statistickon predikei vy ziaannyeh otfesovyel jevi jmon Gasto nzivany zieny
paramet teoretickyeh distribner (Pavetto, Weibnll) (Lasocki. 1993:4). ktervnn je prokladana po-
zorovana energeticko=Cetuostui (15 - C) distribnee seistnickyvel jevin Tato statisticka predikee dava
dobré visledky v jednoduchych podimimkach. V' ommohovistevnatém prostiedic kde se v onadlozi
pornbn stifdaji vistvy pevnyeh a méné pevonyeh hornin, json vysledky nejednoznacné.

V praa byly rozebrany viechny pavimetry E- C distribuce: jeji dolni a horni onezend a sinér-
nice. Bylo nkazano. ze dolui a horni omezeni 15~ C disteibnee nema viznam pro predikei vy aname-
nych otFesovyeh jevin ale je dano citlivosti mériciho systémn resp. mocnost i vistev a sonvesivi
ve viivi pornbue Byl madelovin vyvoj simérnice I35 —C distribuce pii rozvaji porabu v podiminkdch
statického howogenniho napéti v oblastic Kdy se stitdala obdobi poklesi s obdobimi narustn simér-
nice. Tento vyvoj byl neden vyhradne zménani aktivity jeduotliveelh vestev v nadloZi pornbn a
jejich podilem na celkoveé seismicke aktivité v oblasti porihn,







