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6.3 Installation of the seismic broadband station in Barentsburg, Svalbard

6.3.1 Background

Within the framework of the project ‘Cooperative seismological studies on Spitsbergen’ (Polar
Research program of the Research Council of Norway), NORSAR is expanding its long-stand-
ing cooperation with the Kola Regional Seismological Centre (KRSC) in monitoring seismic
events in the European Arctic. KRSC has been operating a seismic station in Barentsburg for
many years and one of the major goals of the project was to acquire and install a modern broad-
band instrument. The new station in Barentsburg (BRBA) will improve the monitoring capabil-
ity of man-made events (e.g., mining blasts, rock bursts), seismic events related to the moving
of glaciers (icequakes, calving) and regional and teleseismic earthquakes. It will be a signifi-
cant supplement to the already existing permanent stations in the Svalbard region (Fig. 6.3.1)
in Adventdalen (SPITS), Ny-Alesund (KBS), Hornsund (HSPB) and Hopen (HOPEN).

Fig. 6.3.1. The seismic stations SPITS, KBS, HSPB and HOPEN are providing continuous data in
near real-time to NORSAR. The new station BRBA currently stores data locally, but it will be
connected to the Internet in the near future.

The Svalbard region shows a much higher seismicity than the Norwegian mainland (Fig.
6.3.2). Heerland in the southern part and Nordaustlandet in the northeastern part are the most
active earthquake regions. In the West and South-West there is significant seismic activity
along the Mid-Atlantic Ridge (Knipovich Ridge and Mohns Ridge) and in the South-East seis-
micity is found in the Barents Sea around Hopen. On 21 February 2008, one of the largest
instrumentally recorded earthquakes in the Spitsbergen region occurred. The epicenter was in
the Storfjorden area, and the magnitude 6.1 earthquake was followed by several thousand after-
shocks. Fortunately, it occurred offshore, and neither injuries nor damage to structures were
reported. The aftershock sequence is today (February 2011) still ongoing (Pirli et al., 2010;
2011).
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Fig. 6.3.2. Seismicity on and around Svalbard. The map shows about 2700 seismic events for the
time period Sep 1998 — Nov 2010 (NORSAR Reviewed Regional Seismic Bulletin). The size
of the symbol indicates the event magnitude and the color indicates the origin time (blue:
old, yellow/green: intermediate, red: recent events).

The areas around the coal mines on Svalbard also show some seismic activity. A particularly
strong earthquake in 1976 caused significant damage to the (now abandoned) Soviet mine in
Pyramiden. In general, however, the events within the mining areas are small compared to the
known seismicity in the region. The most significant seismic hazard to the mining activity are
the numerous rock bursts that are induced by the mining itself, especially in the Barentsburg
coal mine. This mine is operated by the Russian company Trust Arktikugol, which has suffered
several accidents caused by rock bursts and gas explosions. Larger earthquakes on Svalbard are
reported by the Norwegian National Seismic Network (NNSN), and are routinely included in
international seismic bulletins. However, until today there is no systematic and detailed moni-
toring and location of the smaller seismic events that often occur in the mining areas.

In December 2000, KRSC, in cooperation with NORSAR, installed an experimental short-
period GeoSig system in Barentsburg (BRB) at about 5 km distance from the mines (Fig.
6.3.3). The intention was to acquire more knowledge about the increasing number of rock
bursts in the mines near Barentsburg.

During a time period of 4 months (1 December 2000 to 25 March 2001) when the mine was in
full operation, a large number of rock bursts (magnitude typically between 0 and 1) could be
recorded (Fig. 6.3.3, left). On 25 March 2001 a particularly large rock burst (magnitude 2.5)
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occurred, and for safety reasons the mining was discontinued for about one month. The rock
burst activity ceased immediately after the stop of the mining activity (Fig. 6.3.3, right)
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Fig. 6.3.3. Locations of seismic events in the Barentsburg area for the time period 1 December
2000 to 25 March 2001(left) and 26 March to 19 April 2001 (right). The blue symbols show
events in the northern mine, while red symbols show events in the southern mine. The largest
events have lighter colors. The Barentsburg seismic station (BRB) is shown by the large
cross (from Kremenetskaya et al., 2001).

6.3.2 Details and installation of the new station BRBA

The BRBA site (78.0588N 14.2191E, 70 m asl) is in the Barentsburg settling in about 50
meters distance from the ‘Research Station Barentsburg’, in which KRSC has its rooms (Fig.
6.3.4). The site is sheltered by a wooden barrack, and buried cables between the buildings pro-
vide power and communication. The broadband sensor is placed on top of a concrete pillar

inside the wooden shed.

Fig. 6.3.4. The seismic station BRBA is in the wooden shed on the left hand side. The 'Research Sta-
tion Barentsburg' is the yellow brick building in the background.
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This pillar (Fig. 6.3.5) reaches several meters down into the permafrost and it is decoupled
from the building. In order to monitor both regional and local seismicity, we chose a Giiralp
broadband instrument (Fig. 6.3.5) with a frequency range from 1/60 — 50 Hz. Taking into
account the environmental conditions, we opted for a so-called Polar-version that remains
operational for temperatures down to -40 deg Celsius. The matching digitizer module is a
Giiralp DM24. With the accompanying software it is possible to connect to the system
remotely in order to adjust sampling parameters and select data streams, to check the state-of-
health (timing, mass position, etc.), to center the instrument and to transmit data. The station is
powered by a 12 V DC battery, which in turn is connected to a conventional charger using 220
V AC. The communication between the digitizer and an acquisition laptop in the main building
is through a modem connection.

Fig. 6.3.5. Inside the BRBA site. The broadband sensor in the middle of the concrete pillar (dark
grey cylinder) is replacing the three obsolete analog short-period Kirnos sensors (grey cov-
ers) and the experimental short-period GeoSig systems (blue boxes).

The new data acquisition system with the broadband sensor of BRBA started up on 13 Septem-
ber 2010 and since then continuous data (3 components at 80 Hz) have been recorded and
stored locally on the laptop. The laptop is connected to the Internet over a conventional ADSL
box and we can access it remotely for state-of-health checks and maintenance. The Internet
connection is the only one in the research station. It has a limited capacity and it is shared with
other groups. For this reason real-time continuous data transmission is currently not feasible.
We can download data for single events of interest, but the main bulk of the data is copied to
USB-disks by the local operator and sent to KRSC in Apatity and to NORSAR. We are work-
ing on establishing a dedicated Internet connection with fixed IP address in order to fully inte-
grate the station into our data storage and processing environment at NORSAR.
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6.3.3 Instrument response of the new broadband recording system at BRBA

As already mentioned, the broadband station BRBA at Barentsburg is equipped with a three-
component CMG-3ESPC seismometer and a CMG-DM24 digitizer by Giiralp Systems Ltd.
The seismometer has the serial number # T35444 and the digitizer the serial number # B212
and their response characteristics (i.e., poles/zeros, sensitivities) are provided by the manufac-
turer and are listed below:

T35444 Poles [Hz]:
(-11.78 x 10-3) £j(11.78 x 10-3), -160, -80, -180
Zeros [Hz]:
0.0, 0.0
Sensitivities:
Z:2x 988 V/m/s, NS: 2 x 988 V/m/s, EW: 2 x 991

B212 Velocity channel sensitivities:
Z:3.176 uV/count, NS: 3.190 pV/count, EW: 3.175 uV/count

Two different channel configurations were outputted from the station since its initial installa-
tion: 80 sps (HHZ, HHN, HHE channels) and 4 sps (MHZ, MHN, MHE channels) streams for
the first hours of operation, and 80 sps and 1 sps (LHZ, LHN, LHE channels) streams from
then on. This required a change in the FIR filter cascade employed by the digitizer to decimate
down from the input rate of 512 kHz to the outputted data sampling rates (Giiralp Systems,
2006). The two filter cascades (TTL = 86 for 80 sps and 4 sps and TTL = 90 for 80 sps and 1
sps) are identical down to the 80 sps tap, so the response of the HH channels has remained
unchanged throughout the station’s operation. The TTL = 90 FIR cascade is shown below (Cir-
rus Logic, 2001; Giiralp Systems, 2006):

FIR filter SINC-1 (asymmetric) with 18 coefficients, decimating by 8 down to 64 kHz
from an input rate of 512 kHz.

FIR filter SINC-2-stage-3 (asymmetric) with 3 coefficients, decimating by 2

FIR filter SINC-2-stage-4 (symmetric) with 7 coefficients, decimating by 2

filter FIR-1-set0 (asymmetric) with 24 coefficients, decimating by 4

filter FIR-2-set0 (asymmetric) with 63 coefficients, decimating by 2

filter DM24-tap0 (symmetric) with 501 coefficients, decimating by 5

filter DM24-tap1 (symmetric) with 501 coefficients, decimating by 5 down to the
desired sampling rate of 80 sps (HH channels)

filter DM24-tap0 (symmetric) with 501 coefficients, decimating by 4

filter DM24-tap0 (symmetric) with 501 coefficients, decimating by 2

filter DM24-tap0 (symmetric) with 501 coefficients, decimating by 5

filter DM24-tap2 (symmetric) with 501 coefficients, decimating by 2 down to the
desired sampling rate of 1 sps (LH channels)

The BRBA station’s configuration described above and the corresponding Respid flags (Pirli,
2010) are listed in Table 6.3.1. The displacement amplitude and phase response curves are
shown in Fig. 6.3.6 for the vertical channel.
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Table 6.3.1. The instrument configuration of the BRBA station

Time Installation Name | System Components Calib [nm/ Calper
count] [s]
2010/09/13 - | Current HH CMG-3ESPC Z:0.25581 1.00
BRBAHHI1 CMG-DM24 digitizer NS: 0.25694
BRBAHH2 EW: 0.25495
BRBAHH3
2010/09/13 | Initial MH CMG-3ESPC Z:0.25581 1.00
BRBAMHI CMG-DM24 digitizer NS: 0.25694
BRBAMH?2 TTL 86 FIR cascade EW: 0.25495
BRBAMH3
2010/09/13 - | Current LH CMG-3ESPC Z:0.25581 1.00
BRBALHI1 CMG-DM24 digitizer NS: 0.25694
BRBALH?2 TTL 90 FIR cascade EW: 0.25495
BRBALH3
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Fig. 6.3.6. Displacement amplitude (left) and phase (right) response for the vertical component of
the different configurations of station BRBA. Respids are used to link each curve to the cor-
responding configuration listed in Table 6.3.1. Shaded areas represent the range beyond the
Nyquist frequency (40 Hz for HH, 2 Hz for MH and 0.5 Hz for LH channels.

6.3.4 First data analysis

Since January 2011, the first seismic data from the new broadband station in Barentsburg are

available for analysis and quality check. It became very soon clear that the data quality of this
station varies signifcantly with the time of the day. During working hours, the noise level in the
high frequency range can be quite high (see e.g., http://www.norsardata.no/cgi-bin/
spdatashow.cgi ?sta=BRB&year=2011&doy=038), although the man-made noise is not con-
stant and may disapear for some time. The man-made noise usually decreases during night
time. The station has already recorded many smaller and larger earthquakes in the region. For
long period data the noise level is on the same level as at the other broadband stations on Spits-
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bergen (HSPB or KBS), see e.g.,
http://www.norsardata.no/cgi-bin/Ipdatashow.cgi?sta=BRB&year=2011&doy=033.
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Fig. 6.3.7. Two earthquakes recorded with the new broadband station in Barentsburg. On top we
see the data from one of the larger aftershocks of the Storfjorden sequence (Pirli et al., 2010;
2011) at a distance of about 158 km (Butterworth bandpass 3 - 8 Hz) and at the bottom the
data from a smaller event on the Knipovich Ridge at a distance of about 133 km (Butterworth
bandpass 1 - 3 Hz). For further details, see text.
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In Fig. 6.3.7 we show two examples of earthquake records at the new broadband station BRBA
in Barentsburg. The first earthquake (Fig. 6.3.7, top) is a magnitude 4.5 event from the Stor-
fjorden aftershock sequence (Pirli et al., 2010; 2011). BRBA is located about 158 km from the
source region (2010-311:18.35.04, 76.98 N, 18.43 E, NORSAR Reviewed Bulletin). The verti-
cal and the backazimuth rotated horizontal radial and transverse components are shown. The
second example (Fig. 6.3.7, bottom) shows the data for a much smaller earthquake (magnitude
2.3), which occured at the Knipovich Ridge, West of Svalbard (2011-023:11.13.37, 77.76 N,
8.72 E, NORSAR Reviewed Bulletin). BRBA is located about 133 km from the earthquake and
again the vertical and horizontally rotated components are shown.

For 2011 the installation of a second broadband sensor nearby Barentsburg (BRBB), but far-
ther away from the dirsturbing man-made noise sources, is planned. In addition, we plan also to
establish a stable online data transmission from both stations to KRSC and NORSAR.
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