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6.4  Analysis of infrasound data recorded at the Apatity array

6.4.1 Introduction

Kola Regional Seismological Centre (KRSC) of the Russian Academy of Sciences has for
many years cooperated with NORSAR in the continuous monitoring of seismic events in
North-West Russia and adjacent sea areas. This work has been based on a network of sensitive
regional arrays which has been installed in northern Europe during the last decade in prepara-
tion for the global monitoring network under a comprehensive nuclear test ban treaty (CTBT).

As part of a project aimed at improving seismic and infrasound monitoring capabilities for the
Arctic region, KRSC has installed a small-aperture infrasound array within the existing seismic
array in Apatity. The Apatity infrasound array will in the future become an important comple-
ment to the planned infrasound array in northern Norway near the ARCES seismic array. This
paper gives a brief description of the Apatity infrasound system and presents initial results
from the infrasound array operation.

6.4.2 The Apatity seismic/infrasound array

Since 1996, Kola Regional Seismological Center (KRSC) has been engaged in infrasonic
research and development. As part of this effort, a small-aperture microbarographic array was
installed in conjunction with the seismic array near lake Imandra in the Kola Peninsula, with
data digitized at the array site and transmitted in real time to a processing center in Apatity. A
total of three infrasound sensors are installed in the innermost ring of the array, forming a trian-
gle of approximately 500 m diameter. The sensors are differential microbarographs of model
K-304-AM. The frequency range is 0.01-10Hz, and the sensitivity is 37.5 mV/Pa. The geome-
try of the combined seismic/infrasound array is shown in Fig. 6.4.1. Figure 6.4.2 shows the
location of the Apatity and ARCES arrays, as well as some nearby mines from which explosion
data have been analyzed in this study.

6.4.3 Data analysis

We have studied the background infrasonic noise level over extended periods (2-3 months), and
have found, not unexpectedly, that the variation is considerable. During high-wind conditions
the typical level is a factor of 100 (two orders of magnitude) greater than during quiet condi-
tions. In the future, the performance during windy conditions could be improved by installation
of additional noise-reducing porous hoses, and this will be considered. Figure 6.4.3 shows an
example of noise (and signals) during 4 hours of "quiet" conditions. Infrasonic signals from
four nearby mining explosions are clearly seen on these recordings. A combined view of the
seismic and infrasound recordings from two of these explosions (both in Khibiny) are shown in
Figure 6.4.4.

We have analyzed a number of infrasonic recordings of selected events in the Kola Peninsula
and adjacent regions. Several large mines in this region generate explosions that are routinely
detected by the seismic systems installed in northern Fennoscandia and NW Russia. Some of
these explosions are also recorded by the infrasound sensors. We present analysis results from
19 such mining explosions, with a distance range from 38 to 220 km. The analysis includes fre-
quency-wavenumber analysis of the array recordings, estimation of phase velocity and azi-
muth, and estimation of group velocity based on travel time calculations. We have analyzed 3-6
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events from each of the following mines: Khibiny, Zapolarnyi, Kovdor and Olenegorsk (see
Table 6.4.1 for details). We find that the azimuth estimates are quite stable, typically within a
range of 5 degrees or less for events from the same mine. This is very satisfactory taking into
account the small array aperture.

Another source of data has been a set of ammunition demolition explosions in Northern Fin-
land, at a distance of 300 km from the array. In these cases, we have been able to identify three
separate phase arrivals for each of the five analyzed events. Following the phase conventions
used at the prototype IDC (Brown et. al., 2002, see also Armstrong, 1998 and Hagerty et.
al.,2002), these phases are identified as the tropospheric arrival (Iw), the stratospheric arrival
(Is) and the thermospheric arrival (It). An example illustrating these three phases for one of the
explosions is shown in Figure 6.4.5. We note that the amplitudes of these phases are very dif-
ferent, and in fact (as can be seen from the table) the relative amplitudes of the phases vary also
from one explosion to the next. Even the smallest phase (It) can be easily seen in an enlarged
plot, as shown in Figure 6.4.6.

Figure 6.4.6 shows that the moveout of the signals are quite clear and the signal coherency is
excellent. Similar features are seen for the other phases (although not shown here). As a result,
reliable f-k analysis can be performed on each phase. Figure 6.4.7 illustrates the results of f-k
analysis applied to the three phases for the event shown in Figure 6.4.5.

Table 6.4.2 shows details of the processing results for the entire set of Northern Finland explo-
sions. Again, we find that the azimuth estimates from the (in this case) 15 total phases are very
consistent, ranging from 278 to 288 degrees (true azimuth is 284 degrees). The observed group
velocities (average travel velocities) range between 326-336 m/s for the Iw arrival, 300-305 m/
s for the Is arrival and 244-254 m/s for the It arrival. The phase velocities (apparent velocities)
range between 330-400 m/s, with the lowest values for the Iw phases and the highest values for
the It phases. However, with this very small array (aperture only 500 m) the estimates of phase
velocity are not quite stable enough to provide a confident indication of the phase type.

6.4.4 Future plans

We note that the detection of infrasonic phases is very dependent on the background atmo-
spheric conditions, and that such phases are usually observed only during relatively quiet wind
conditions. Our future plans include the installation of additional noise-reducing porous hoses
to improve the detectability during windy conditions. After the projected infrasonic array in
Karasjok, northern Norway, is installed, we plan to carry out joint processing of data from
these two arrays. Further perspectives include cooperation with colleagues in Sweden, the
Netherlands and Germany for more extensive joint processing.

An important task which we have not yet addressed is the development of an infrasonic real
time signal detector. Several such detectors are available at various institutions, and we intend
to build on this experience when designing the detector. Among the topics to be considered are
which detection algorithm to select (e.g. Fisher detector, correlation detector, STA/LTA). We
also need to find one or more filter bands for optimum processing, and define time windows for
processing and f-k analysis.

The detector output will be similar to what is produced today for the seismic detectors. A phase
association procedure will be implemented, attempting to associate the detected phases to seis-
mic events detected by the regional network (Generalized Beamforming algorithm). We expect

69



NORSAR Sci. Rep. 1-2003 February 2003

to have a number of unassociated detections, (i.e. detections by infrasound data only), and it
will be a challenging task to associate these detections so as to define new events.

Finally, it will be important to establish an interactive analysis tool and integrate the analysis
with that currently done for the seismic data. Our preliminary aim is to augment the existing
NORSAR regional seismic bulletin (analyst reviewed) with infrasound observations.

Yu. Vinogradov
F. Ringdal
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Apatity seismic-infrasound array

1.0 — EEEE—
0.5 1 B5 B
1 B4 Al
= : °
D 0.0 d .}jAz
=z 1 A3
B3
B2 |
-0.5 B
-1.0 — —
-1.0 -0.5 0.0 0.5 1.0
E-W (km)

Fig. 6.4.1. Configuration of the Apatity seismic-infrasound array. Seismometers are shown as filled
circles, with the location of the three infrasonic sensors (A1, A2 and A3) marked as small
circles. The two concentric circles have diameter of 500m and 1000m respectively.
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Fig. 6.4.2. Map showing the location of the Apatity and ARCES arrays (marked as blue), together
with selected mines and the northern Finland site for ammunition demolotion (red squares).
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Apatity infrasound recordings 1 Nov 2002
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Fig. 6.4.3. Example of infrasound recordings at Apatity for a 4-hour interval on 1 November 2002.

Infrasound signals from four mining explosions are

marked.

Apatity seismic / infrasound recordings 1 Nov 2002
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Fig. 6.4.4. Seismic and infrasound data for the two Khibiny explosions shown in Figure 6.4.3.
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Apatlty mfrasound recordlngs North Finland explosion
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Fig. 6.4.5. Infrasound recordings of an ammunition demolition explosion in northern Finland at
300 km distance. Data are filtered 2-6 Hz. Three distinct infrasonic phases are indicated.
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Fig. 6.4.6. Enlarged plot of the third (It) phase shown in Figure 6.4.5. Note the clear moveout as
well as the good signal coherency. The It phase appears to have two distinct arrivals.
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a) Phase: Iw, time 2002-251:13.44.59
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Fig. 6.4.7. F-K analysis results of the three phases shown in Fig. 6.4.5.
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