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ABSTRACT. Frequency spectra of acoustic erruasron (AE) induced in coal by gas
sorption-clesorpt ion have been invest igated in order to answer the following ques-
tions: Is t.here any diflerence bet vv een spect.ra of AE from coal prone and not prone
to outbursts? Do spectra of AE signals indicate one ar more source mechanisms?
Changes in dominant frequencies of AE signals have been examinedby means of sta-
tistical nonparametric methods: the Spearman 's rank correlation, the Kohnogorov-
Sruirnov two sample test, the Wald-Wolfowitz runs test and the Mann-Witlmey U
test.
These preliminary studies lead to the following conclusions:

- There are two distinct frequency mocles: low frequency (LF) and high Ire-
quency (HF) corresponding to mech anisrns wlúch produce AE in coal under
gas sorp tion-clesorpt ion process.The emission source mechanisms are not
clear at this point.

- The dominant frequency distribution of AE signals from coal prone to out-
bursts significantly differs from t.hat of not prone coal.

- Results of frequency dornain AE analysis agree wi th conclusious arising from
our earlier t irue domain studies.

The results obtainecl are encouraging from the st andp oint of outbursts precliction.

1. INTRODlJCTION

Outbursts have represented a serious problem at coa.l, potash and salt mines in
Australia, Japan, China, the USA, Europe and the former USSR (1).

The outburst hazard in Poland is generally associated with coal. Considerable
work has been done to characterize precursory phenornena which might provide
wamings of irnminent outbursts, However, most of the methods used to predict
outbursts are not enough effective and credible. The same goes for AE techniques.

In 0lU' opiriion efforts should be focused on the determination of the gas storage
ancl flow characteristics of coal.

Permeability and sorptive properties of coal have been considered , in acldition
to gas pressure ancl stress, as the basic pararneters which can have a bearing on
outbursts.

Results of OUl' previous investigations indicate that there is čt relationship between
observed AE and changes of coal permeability (2).
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Experiments prececling the present study dealt with AE of coal subjected to CO2
sorption-clesorption process (3). Tests were concluctecl on two types of coal: prone
ancl not prone to outbursts. The results obtained have shown that AE parameters
in tirne domain provicle a good rneasure of the proneness of coal to outbursts. Full
details can be found in Majewska et al. (1994 a).

Unfortunately, our basic understanding of the origin of AE generatecl in coal by
gas sorption is extremely limií.ed due to the cornplex nature of interactions between
gas molecules and the coal matrix.

With respect to clarify matters, frequency analysis of AE signals induced in coal
by gas sorption has recently been unclertaken by the present authors. There is a
twofold reason for determining tbe frequency content of an individual AE event.
The first orle is for possible identification of source rnechanisms. The second one is
for recognizing differences between the AE generated during various stages of gas
sorption-desorption process in two types of coal: prone and not prone to outburst.

2. DATA ANALYSIS

Frequency analysis of AE signals incluced in coal proue and not prone to out-
bursts under gas sorption ancl clesorption was macle using the FFT algorithm and
nonparametric statistical methocls.

At flrst, dominant frequencies of AE signals recorcled during various stages of
gas sorp tion - desorption process were cleterminecl. Data were divided into samples
with regard to the type of coal testecl ancl the kind of the process - either gas
sorption 01' clesorption. The sample sizes varied from intermecliate to smaIl (91 to
14).

AU samples split clearly into two 01' in some cases into three frequency modes: low
frequency LF - below 8000 Hz an d high frequency RF - above 11000 to 13000 Hz.
The interrnediate mode was poorly representecl. The division into modes was not
unique. There were observations which coulcl not be classified undoubtedly to
one of modes and which outlied regardless of their classification. Distributions of
dominant frequencies were not norrnal both in whole samples and in seleded modes.
Distributions of HF rnocle were usually less clispersed than those of LF mode.

Due to these specific sample fea.tures an application of parametric statistical
methods was rejected.

We clecided to investigate:

$ time vs frequency relation in every sample with the use of the Spearmau's rank
correlation coefficient and t.he test of its significance.

o differences in dominant frequency clistributions between selected data. groups by
means of the Kolmogorov - Smirnov two sarnple test. The analysis was macle
both in the full frequency range and in selected LF and HF bands.

o differen ces in the distribution of signal occurrence time between selected data
groups by rneans of the Kolrnogorov - Srnirnov two sample test. The analysis was
conductecl in the fulI frequeucy range and also in selectecl LF and RF bands.

@ diJferences in the central tendeucy of the dominant frequency distribution be-
tween selected data groups. The study was carried out in LF ancl RF bands
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separately. Two proceclures were triecl for the purpose of this analysis: the
\iValcl- Wolfowitz runs test ancl the Maun- Withney U test (known also as Mann-
Withney+ Wilcoxon test 01' the meclian U test). However, the Walcl- Wolfowitz
test was found to be unreliable for srnall size samples. Therefore, only results
from the U test were taken into consicleration. Note, that the U test is a robust
test.
The Kruskal- Wallis ANOVA test was not usecl because it provicles the same
results as the meclian U test cloes in the case of simple models of interactions (it
was the case of the presen t analysis).

e differences in the central tenclency ane! in the distributions of AE signal occurrence
time between LF an d HF bancls in each sample. The U median test ancl the
Kolmogorov - Smirnov test were usecl for this purpose.

3. RESULTS AND DISCUSSION

Using the analytical techuiques clescribecl sever al significant observations have
been macle.

In general, there are two e!istinct frequency mocles: low frequency (LF) and high
frequency (HF) probably corresponding to different mechanisms which procluce AE
in coal uncler gas sorption-clesorption process (Fig.l ,2).
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FIG 1. AE dominant frequency distribution cluring sorpt ion

There is a tenclency to lower the dominant frequency value of AE in the LF mode
with the passage of time for both types of coal - prone anclnot prone to outbursts.
It takes place a.s well cluring sorption ancl desorption . This shift towards lower
frequencies may inclicate an increase in the average source size in one type of AE
mechanism.
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Frc.2. Relation between the dominant frequency ancl time for coal
prone (sample A) and not prOlle to outbursts (sample B).
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The origin of AE in duced in coal by gas sorpticn - desorption is not well uncler-
stood, but recent studies gave substantial evidence that it is relatecl to processes
of deforrnation (4,5,6). In our opinion microfracturing constitutes only one of a
number of processes responsible for AE.

Dominant frequencies of AE signa!s generatecl cluring CO2 sorption - desorption
in coal prone to outbursts are generally higher than those of not prone coal (Fig.l ,2).

'Ve do not know the precise reason for such behaviour,but we presume that the
multifarious interactions between gas molecules and coal rnatrix can account for.
As can be seen from Table 1 the two coal types cliscussed cliffer with respect to the
volume of pores of various sizes.

TABLE 1. Pore volumes of coal testecl (after NoclzelÍski. 1990), '/

Type Vmacro Vmacro + Vmeso Vmicro + Vmeso

of coal [cm3/g] (crn3/g] Vmacro

A 0.012 0.0664 5.5

B 0.0313 0.0236 0.75

It also appears frorn the analysis that A E signals exhibit statistically higher
dominant frequencies cluring gas sorption than unc1er desorption. Selected spectra
are shown in figures 3 and 4.

It shoulcl be pointecl out that investigations of AE spectra were limited to signals
recorded in the narrow frequency band (1 -:- 20 kHz). Therefore, results must be
considered with caution, particularly in rel ation to possible source mechanisms of
AE 'induced in coa! by gas sorption - desorption. Arlditional work is needecl in this
area to clarify trends seen in the presentecl data set.

4. CONCLUSIONS

- There are two distinct frequency mocles: low frequency (LF) and high frequency
(HF) corresponding to mechanisms which produce AE in coal under gas sorption-
desorption process.

- The emission source mechanisrns are not clear at this poirit.
- The dominant frequency distribution of AE signals frorn coal prone to outbnrsts

significantly cliffers from that of not prone coal.
- The results of frequency dornain AE analysis agree with conclusions arising from

our earlier time domain studies.

The results obtainecl are encouraging frorn the standpoint of outbursts precliction.
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Fro. 3. Examples of AE spectra rom coal prone to outbursts (Sample A)
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