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6.4 Datafrom deployment of temporary seismic stationsin northern
Norway and Finland

Sponsored by National Nuclear Security Administration
Contract Nos. DE-FC52-015-22420 (NORSAR) and W-7405-Eng-48 (LLNL)

6.4.1 Introduction

This shortcontrikbutionis adescriptionof datanow availablein NORSAR'S dataarchvesfrom
a temporary depionent during 2002 - 2004 of six seismic stations in northern Bipeamd
Finland.

Explosions in undground as well as open-pit mines in the Khjbnassif of the idla Penin-

sula of northwestern Russia are conducted on a frequent andetgledyular basis. It as

decided to supplement the netlk of permanent stations in northern Fennoscandia and north-
west Russia with temporarily depled stations, in order to record thegplesions, as well as
other mining gplosions and natural’ents occuring in this general area. Asvghan Fig.

6.4.1, the six temporary stations were dgptbalong tw profile lines, gtending westards

from the Khibini massif. The rationale for this dgpitent was to collect data taxamine dis-
tanceaswell asazimuthaldependancef seismicdiscriminantsAs canbeseerfrom Fig. 6.4.1
thesouthernmosbf thetwo profile linesruns throughthe permanenseismicarrayARCESIn
northern Nonay.

6.4.2 Station equipment and locations

Six Reflek 72A-08 data loggers (Refractioachnoly) equipped with three-component GS-
13seismometergTeledyneGeotechpccupiedoositionsalongtwo profile linesduringthetime
period from 27 August 2002 to 9 September 20@ld6.4.1 lists station names and coordi-
natesTwo of thesix stationsJvalo (IVL) andKaamasmukk@KMM), werelocatedn northern
Finland, and the remaining four were dsg@d in the Finnmark county of northern Nay
These were the sites Neiden (NDN)p§toss (SKF), Séiganvarre (SKV), and ¥rangerbotn
(VGB). Fig. 6.4.2shavs apicturefor theinstallationat VBG. During thedeploymentperiodof
745 days, a local representatiof NORSAR visited the sites nine times to check the station
statusandto changehe RefTek field disks. Theseweresometimedabeledwith thealternatve
station codes GMM, SFS, and VRB instead of KMM, S&fd VGB, respectiely.

The seismometer coordinates at the stations NDN &8 Were determined directly with a

GPS receier, whereas the seismometer positions at the other stations were estimated from the
corresponding data logger location using azimuth and distance to the seismBawtatata
loggerlocationwastakenasthe medianvalueof all (of theorderof thousandsautomaticGPS
positioningsdoneby therecorderuringtime correctiongseealsothefollowing section).Typ-

ically, the indvidual coordinates measuredviaded less than about 20 m from the respecti
median alue. El@ations for the stations in Noay were also erified with topographic maps

in the scale 1:50000.

Thenaturalfrequeny of the GS-13seismometers adjustabldrom 0.75Hz to 1.1 Hz andwas

set to 1 Hz here.df calibration purposesable 6.4.2 lists the coil generator constant of each
sensor at each site, andble 6.4.3 includes the calculated calibration constants (in nm/count)
at10Hz. Theverticalcomponents denotedasZ, andthehorizontalcomponentgointto north

(N) and east (E), respeatiy.
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Fig. 6.4.1. Map of six temporary seismic stations (red triangles) in northern Norway and Finland,
permanent seismic arrays (black triangles), and mining areas (yellow stars).

Table 6.4.1. Station names and locations

L ocation Station | Recorder Lat. N Lon.E Elev.
No. [m]

Ivalo IVL 689 68.71513 27.80159 120
Kaamasmukka | KMM 853 | 69.34849 | 2651432 | 220
Neiden NDN 856 69.69850 29.26333 90
Skogfoss SKF 686 | 69.39041 | 29.70506 60
Skoganvarre SKV 852 69.77436 25.04407 220
Varangerbotn VGB 855 70.16445 28.57550 6
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Fig. 6.4.2. This picture shows the seismometers at station Varangerbotn (VGB), before they were

covered by soil, moss, and heather.

Table 6.4.2. Instrumentation (GS-13 sensors)

Station | Rec. Rec. Comp. | Sensor S/N | Main coil generator

No Chan. constant [V/m]

IVL 689 4 z 115 2130.4
5 N 292 2366.0

6 E 294 2344.0

KMM 853 4 z 133 23114
5 N 128 2305.6

6 E 283 2304.0

NDN 856 4 z 114 21189
5 N 111 2130.0

6 E 113 2133.0

SKF 686 4 z 112 2159.8
5 N 285 2369.0

6 E 288 2344.0

SKV 852 4 z 286 2343.0
5 N 296 2335.0

6 E 297 2353.0

VGB 855 4 z 265 2337.0
5 N 273 2339.0

6 E 284 2323.0
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6.4.3 Datarecording

The RefEk data loggers recorded digital data continously with a sampling rate of 100 Hz and
with a dynamic range of 24 bits. In a testing phase during the firstydeghd days, the

recorders preamplifier gin was set to 32 at some stationst Wwas then adjusted to 1 for the
remainingperiod.Theadjustmentimesaregivenin Table6.4.3togethemwith otheracquisition
parameters.

Thesdligitizeddata(counts)werewrittenin anative, compresseébrmat(RefTek CO) to ahard
diskattachedo eachdatalogger Therecordiengthwas360054samplesi.e.aboutl hour. The
internalclock of eachdataloggerwasalsoadjustechominallyevery hourusingthetime signal
of the GPS satellites. All times aresgn in GMT

Dump files of the recordex’hard disks were sent to NORSAR for subsequent data format con-
version, quality control, and arelmg. In a first step, the compressed data of all three compo-
nents (channels) weragmanded into a modifiedevsion of SEG-Y traces that can handle the
long record length andeleps data logger specific information such as trace scaling. The
recorder log files were also retregl then. The logs include status information of the instru-
ments, as well as time adjustments applied and its geographic location. In a second step, the
SEG-Ytraceswerecorvertedinto the CSS3.0ormatasonesinglefile for eachrecord(360054
samples) and the three components of each station. This formatsion vas done mainly

with the ASSCAL software package, and only the station name assignment utilized NOR-
SAR’s in-house EP program. These CSS data (more than 200 GB) aeeatktd Lavrence
LivermoreNationalLaboratory(LLNL), USA, to beincludedin theirarchve systemAt NOR-
SARthefinal archve formatis slightly different.Here thedatafrom all availablestationsvere
meigedinto singleCSS3.iles of exactly 1 hourlength(360000samplesandstartingalways

at full hours. Additionallycalibration information &s added (see alsalle 6.4.3). This final
format cowersion step as also done with EP

As shavn in Fig. 6.4.3, data recording for tharius stations ranged between about 38% and
89% of the entire depyonent period. &ble 6.4.4 and Fig. 6.4.4 pide an @erview of the

days for which data arevailable. The stations with the longest uptime are IVL fedd by

VGB. Small data gps at all stations are usually related to recorder maintanance (change of
disk) or possible hard disk errors, i.e. bad blocks resulting in data decompregaren The
largegapsarecausedy full disks,whenastationcouldnotbeaccesseah time for variousrea-
sons,or by failuresof stationpower supplyor recordethardware.An exampleof thelattercase

is station SKFwhich stopped operating already in the middle of 2008nEkough the\eer-

age uptime must be rated as rather, @ high number of miningvents were recorded during
this two-year period, and thisag the main objeste of the deplpment.

Except for the dataagps the data quality is generally good for seismic monitoringeofte

related to the mining aegity on the Kola peninsula and for the analysis of teleseisvents.
However, the initial quality control of the datavealed some scaling problems at the stations
SKF and KMM during limited time periods in 2003. These scaling problems appear as anoma-
lously high amplitudes of the recorded data and are mesy liklated to recorder hardwe
malfunction. At station SKRhis afected recordings of theettical (Z) component from 2003-
123:18.52.32 (after a datag) until the station stopped operating at 2003-197:21.08.32. The
data of station KMM she anomalously high amplitudes on all components starting at 2003-
205:13.36.56 and a more gradual amplitude decrease to the normal vielisg 2003-
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224:02.40.57. Besides that, data from the east (E) component of station NDN appear to be
unusable for the entire recording period.

6.4.4 Example of data recorded

On 16 Navember 2002, one undgound (total yield 257 tons for one ripple-firegsion)
andoneopen-pitexplosion(total yield 430tonsfor four separateipple-firedexplosions)were
carried out in one of the mines in the Khyjpmassif. The xplosions were only 300 m apart,
with the undeground &plosion occurring about 3 minutes before the openxpitosion.
These gplosions were described in Ringdal et al. (2004), who noted a remarkdbiterdie
between the tar sources in terms of spectral content: Atdo frequencies, the undgound
explosion was stronger by attor of 10 in amplitude, whereas the open-ppi@sion was the
stronger for high frequencies. Fig. 6.4.5wha@ll data @ailable from the temporary stations
for these tw explosions, for six dierent filter bands, ranging from 2-4 Hz in the upper left
corner to 10-20 Hz in theweer right cornerin addition, data are siva for the central three-
component station ARAO of the ARCES arrae epicentral distances are 260 km for SKF
279 km for IVL, 401 km for ARCES and 430 km for SKhhe spectral pattern found by
Ringdaletal. (2004)for thestationlVL is confirmedby all stations Notethatthereis aninter-
feringteleseismisignal(from anmb 5.4 eventin theKuriles)ataboutthetime of the P-arrval
for the undeground &plosion, most clearly seen for stations ARAO and SKV in thwelo
passbands.

This work was performed, in part, under the auspices of the U.S. Department gy Byer
University of California, Larence Lvermore National Laboratory under Contract/MO05-
Eng-48.
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Table 6.4.3. Data acquisition parameters and calibration constants

Station | Rec. Rec. | Sample | Pre Calibration Start time
No. | Chan. rate amp. constant at
& [HZ] gain 10Hz
Comp. [nm/count]
IVL 689 4,7 100 32 0.0004444425 2002-239:15.13.54
5N 32 0.0004001860
6, E 32 0.0004030821
4,7 100 1 0.0142221575 2002-244:10.52.50
5N 1 0.0128059518
6, E 1 0.0128986306
KMM | 853 4,7 100 1 0.0131056206 2003-048:18.08.49
5 N 1 0.0131414299
6, E 1 0.0131505564
NDN 856 4,7 100 32 0.0004468545 2002-241:13.32.00
5 N 32 0.0004445258
6, E 32 0.0004439007
4,7 100 1 0.0142993456 2002-243:08.20.01
5 N 1 0.0142248280
6, E 1 0.0142048199
SKF 686 4,7 100 1 0.0140285588 2002-241:10.00.54
5 N 1 0.0127897355
6, E 1 0.0129261443
4,7 100 32 0.0004383925 2002-242:13.31.29
5N 32 0.0003996793
6, E 32 0.0004039420
4,7 100 1 0.0140285588 2002-242:14.20.32
5 N 1 0.0127897355
6, E 1 0.0129261443
SKV 852 4,7 100 1 0.0129316621 2002-245:13.08.12
5 N 1 0.0129759666
6, E 1 0.0128767031
VGB 855 4,7 100 32 0.0004051519 2002-242:10.29.42
5 N 32 0.0004048055
6, E 32 0.0004075936
4,7 100 1 0.0129648616 2002-243:10.45.58
5 N 1 0.0129537756
6, E 1 0.0130429979
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Fig. 6.4.3. Percentage of days of operation for each of the six temporary stations operating in
northern Norway and Finland between 27 August 2002 and 9 September 2004. Continuous
recording during the entire deployment period of 745 days corresponds to 100%.

Table 6.4.4. Data availability

Station | Year Days of operation (Julian numbers)
VL 2002 239-293, 314-365
2003 001-017, 044, 049-173, 176-177, 180-220, 223-233, 236-317,
317-365

2004 001-039, 040-115, 140-253

KMM 2003 048-157, 176-224, 274-282, 316-365
2004 001-016, 020, 039-047, 056, 140-191

NDN 2002 241-243

2003 097-161, 164-240, 340-352, 355-357, 360-365

2004 001-002, 005-007, 010-020, 023-038, 039-081, 139-152, 155-186,
189-191, 194-196, 199-208, 211-217, 220-247, 250-252

SKF 2002 241-245, 248-320, 323-365
2003 001-038, 053-098, 101-106, 123-197

SKV 2002 245-361
2003 061-066, 069-176, 241-266, 297, 315-365
2004 001-023

VGB 2002 242-314
2003 097-098, 100-164, 177-244, 248-316, 340-365
2004 001-004, 007-030, 035-036, 037-107, 133-202
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Fig. 6.4.4. Overview of days with data available from the six temporary stations operating in
northern Norway and Finland between 27 August 2002 and 9 September 2004. The station
locations are givenin Fig. 6.4.1 and Table 6.4.1.
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Fig. 6.4.5. Thefigure showsdatafromthreeof thetempoary stations(SKF IVL and SKV)aswell
as the thee-component station ARAO of the ARCES&yafor two @plosions in the Khibiny
massif (see thexefor details on thexplosions). The data arfiltered in six diferent fre-
guency bands, as shown in the headétl seismgrams have beenace normalized, and
the plot start time is the origin time of thesfiexplosion, also given in the header






