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6.5 Seismic events associated with the Barentsburg mining accident
on 7 June 2003

6.5.1 Introduction

At 12:27 GMT (14:27 local time) on 7 June 2003 there was a major mining accident, with one
casualty, in the Barentsburg coal mine on Spitsbergen. This accident was caused by a collapse
in the mine and generated seismic signals with a magnitude of 3.7 as reported in the CTBTO
Reviewed Event Bulletin (REB). About 2 hours later, at 14:23 GMT, there was another seismic
event of approximately the same size in the same area.

This Barentsburg mine is operated by the Russian company Trust Arktikugol. This mine has
suffered several accidents during the last years, caused by both rockbursts and explosions of
gases. We will in this contribution estimate the location and size of the 7 June 2003 events, and
compare these to the known seismicity in the region.

6.5.2 Earthquakes on Svalbard

The local earthquake activity on Svalbard and in adjacent seas is significant. Larger earth-
quakes are reported by the Norwegian National Seismic Network, and are routinely included in
international seismic bulletins. However, until recently there has not existed any systematic
and detailed monitoring of the smaller seismic events that often occur in mining areas.

A recent study of the earthquake activity on Svalbard and in adjacent seas is presented in a pre-
vious NORSAR Semiannual Report (Kremenetskaya et al., 2002). Active earthquake zones are
found on Heerland and on Nordaustlandet. In addition, there is significant earthquake activity
on the Mid-Atlantic Ridge about 100-200 km west of Vest-Spitsbergen. The Western Barents
Sea south of Svalbard also exhibits frequent earthquake activity, and on 4 July 2003, a my, of
5.4 earthquake with several aftershocks occurred in this region.

The areas around the coal mines on Svalbard also show some seismic activity. A particularly
strong earthquake (magnitude 5.9) in 1976 caused significant damage to the (now abandoned)
Soviet mine in Pyramiden. But usually the events within the mining areas are small.

6.5.3 The seismic activity in Barentsburg for the time period December 2000 to June
2003

In December 2000 the Kola Regional Seismological Center (KRSC), in cooperation with
NORSAR, installed a seismic station in Barentsburg (BRB). The station is located about 5 km
from the mines (see Fig. 6.5.1). The motivation behind this installation was to acquire more
knowledge about the increasing number of rockbursts in the mines near Barentsburg. This
installation supplemented the existing seismic stations in Adventdalen (SPITS), Kings Bay
(KBS) and Hornsund (HSP). The BRB data are analyzed by KSRC in Apatity, and NORSAR
has access to these analyzes. The results for the time period December 2000 to April 2001 are
presented by Kremenetskaya et al. (2001), and Figs. 6.5.1 and 6.5.2 give a summary of these
results.

As seen from the figures (which cover a time period of 6 months), a large number of smaller
events are recorded in the Barentsburg mines. Typical magnitudes for these events are between
0 and 1. Larger earthquakes are not very frequent, but occur from time to time. Dates with such

77



NORSAR Sci. Rep. 2-2003 August 2003

events are 28 January 2001, 25 March 2001, 5 September 2002 (all with magnitudes around
2.5). Following the event on 25 March 2001, the mining activity was closed down for one
month for safety reasons .
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Fig. 6.5.1. The map shows the locations of seismic events in the Barentsburg area for the time
period 1 December 2000 to 25 March 2001. The blue symbols show events in the north-
ern mine, while red symbols show events in the southern mine. The largest events have
lighter colors. Events located outside the mining area are shown by small crosses. The
Barentsburg station (BRB) is shown by the large cross to the left. (From Kremenetskaya
etal., 2001)
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Fig. 6.5.2. The map shows the locations of seismic events in the Barentsburg area for the time
period 26 March 2001 to 19 April 2001, after the mining activity was stopped due to the
25 March 2001 rockburst. (From Kremenetskaya et al., 2001)
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6.5.4 Global observations

Fig. 6.5.3. Map of the IMS stations (vellow triangles) that recorded the event in Barentsburg
on 7 June 2003 at 12:27 GMT (red star).

It is relatively uncommon that seismic events related to mining activity are reported in interna-
tional seismic bulletins. In this case, the first event at 12:27 GMT on 7 june 2003 was reported
in the CTBTO REB. The event was recorded out to 7000 km distance (see Fig. 6.5.3), and a
network my, of 3.7 was estimated for this event.

The second event, having almost the same size, was not reported in the REB. This is most
likely due to the fact that a magnitude of 3.7 is close to event reporting capability of the IMS
network for this region, and that the second event had a magnitude slightly below this limit.

6.5.5 Observations on Spitshergen

The map of Fig. 6.5.4 shows the currently operational seismic stations on Svalbard, which are
all used for the analysis of the 7 June 2003 events. The recordings of the two events are shown
in Figs. 6.5.5-6.5.8, together with the recording of the 28 January 2001 rockburst in the Bar-
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entsburg mine. The January 2001 event was located by Kremenetskaya et al (2001), and this
location was also verified by observations in the mine.

)
o

15°
0¢

™
L

Fig. 6.5.4. Map showing the locations of the four stations on Spitsbergen recording the
Barentsburg events.
SPITS - Spitsbergen arrayen (NORSAR)
KBS - Kings Bay, Ny Alesund (University of Bergen)
BRB - Barentsburg (Kola Regional Seismological Center)
HSP - Hornsund (The Polish Polar Station)
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Fig. 6.5.5. Recordings at the Barentsburg station (BRB) of three different events in the Bar-
entsburg mine. The red and blue traces show the 7 June 2003 events, while the green
trace shows the 28 January 2001 rockburst.
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Fig. 6.5.6. Recordings at the Spitsbergen array (SPITS) of three different events in the Bar-
entsburg mine. The red and blue traces show the 7 June 2003 events, while the green
trace shows the 28 January 2001 rockburst.
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Fig. 6.5.7. Recordings at the Kings Bay station (KBS) of three different events in the Barents-
burg mine. The red and blue traces show the 7 June 2003 events, while the green trace
shows the 28 January 2001 rockburst.
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Fig. 6.5.8. Recordings at the Hornsund station (HSP) of three different events in the Barents-
burg mine. The red and blue traces show the 7 June 2003 events, while the green trace
shows the 28 January 2001 rockburst.
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6.5.6 Locations of the seismic events on 7 June 2003
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Fig. 6.5.9. Filtered recordings at the SPITS array of the three events also shown in Fig. 6.5.6.
The passband is 0.8 - 2.0 Hz, and the vertical dashed lines indicate the similar time dif-
ferences between the signals of these wavetrains.

Fig. 6.5.9 shows filtered SPITS recordings of the two events on 7 June and the 28 January 2001
rockburst. The data are bandpass filtered in the band 0.8 - 2.0 Hz. From the figure we can see
that different seismic phases (indicated by vertical dashed lines) are very similar and that they
have the same relative time difference. This suggests that all three events occurred within a
very limited area (most likely within 1.5 km). For the 7 June 2003 events the two waveforms
are practically identical in this frequency band.

We have on the basis of the P-phase picks at the four stations (BRB, SPITS, KBS and HSP)
located the events. The locations are shown in Fig. 6.5.10, where we can see that the locations
are all within 500 meters. These locations are consistent with the hypothesis that the events

occurred within the mining area, but we have to emphasize that the location uncertainties are of
the order 1-2 km.
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Fig. 6.5.10. Map showing the estimated locations of the events in the Barentsburg mine (green
triangles).
a) shows the location of the 28 January 2001 event
b) shows NORSAR's location of the first event on 7 June 2003
¢) shows NORSAR’s location of the second event on 7 June 2003

Table 6.5.1. Location estimates for the events in the Barentsburg mine

Event Latitude (N) | Longitude (E) Comments
28/1-01 11:01 GMT 78.07 14.34 Based on observations in the mine
7/6-03 12:27 GMT 78.0742 14.3441 NORSAR’s location
7/6-03 14:23 GMT 78.0716 14.355 NORSAR’s location

Our data do not provide sufficient resolution for reliable estimation of the event depths. How-
ever, the relatively smaller surface wave amplitudes of the June 2003 events as compared to 28
January 2001 event, may indicate that the June 2003 events was deeper than the 28 January
2001 event.

The first arrivals at all of the four stations have negative polarity for all the three events. This
suggests that it was not an earthquake that triggered the collapse. An earthquake would most
likely not show the same first arrival polarity at the four stations, since the stations are located
at very different azimuths from the events. On the contrary, we expect that a mine collapse
would generate negative first arrival polarity for stations in all directions. We therefore believe
that the mine collapses themselves are the primary seismic sources, and not a triggering earth-
quake.
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6.5.7 Magnitude estimation of the 7 June 2003 events

For the first event at 12.27 GMT, the REB reported an my, of 3.7. Based Pn and Sn observations
at the ARCES, Apatity and FINES arrays, using the regional attenuation relation of Hicks et al
(in press), we got a magnitude estimate of 3.6. For the second event, at 14.23 GMT, we
obtained a slightly lower magnitude of 3.4. Tables 2 and 3 give more detailed information
about the phase magnitude estimates of the different phases in two different frequency bands
using the attenuation relation of Hicks et al (in press).

Table 6.5.2. Phase magnitude estimates for the first event on 7 June 2003

Station Phase 2-4Hz 3-6Hz Distance (km)
SPITS Pg 3.03 2.69 47
ARCES Pn 3.71 3.48 1010
Apatity Pn 3.65 326 1300
FINES Pn 3.63 3.23 1890
ARCES Sn 3.32 2.92 1010

Table 6.5.3. Phase magnitude estimates for the second event on 7 June 2003

Station Phase 2-4Hz 3-6Hz Distance (km)
SPITS Pg 2.97 2.83 47
ARCES Pn 3.57 3.46 1010
Apatity Pn 3.50 3.22 1300
FINES Pn 3.42 3.32 1890

We note that the magnitudes estimated from SPITS array data are considerably lower than esti-
mates from the other three arrays. We attribute this discrepancy to the much smaller hypocen-
tral distance to SPITS. The regional attenuation relations at very close distances need to be
further investigated.

Tormod Kvarna
Johannes Schweitzer
Frode Ringdal
Vladimir Asming
Elena Kremenetskaya
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