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Introduction

The Provadia Region is located in seismically quite
part of the region — since the beginning of the last
century no strong or moderate seismicity is reported,
there also no historical evidences of strong earth-
quakes. The exploitation of the Mirovo Salt Dome
started in 1956 using leaching method that is ex-
tracting of saline brine to the surface. Since 1980
several moderate earthquakes with magnitude great-
er than 4.0 were generated in this region and caused
damages to the neighboring villages. To monitor the
seismicity in the region a local seismological net-
work was deployed in 1993. This network consider-
ably increases possibilities for localization of the
earthquakes in the region, however due to the com-
plex tectonic setting — neotectonic faults are locat-
ed in the vicinity of the salt dome, cannot solve the
problem. The equipment installed in the seismic sta-
tions of LSN Provadia was one component short
period sensor with analogue radio transmission to
the collecting station Provadia and than send via
leased telephone line to the NOTSSI.

The accuracy of the hypocentral location
achieved by this network was not enough high to
draw conclusions about the nature of the seismicity
or about the seismogenic activity of mapped faults.
Therefore a definitive need for increasing the regis-
tration and location possibilities and performing
modern seismological analyses of the acquired data
exists. To answer this necessity Geophysical Institute
in frame of 3 projects started modernization of the
local network with digital acquisition systems, 3 com-
ponent geophones and modern radio connections.

Status of seismological monitoring
in Provadia

The main task of LSN in Provadia is to provide reli-
able detection and precise location of earthquakes
in this particular region. The improvement of the
location accuracy of the earthquakes is the key-fac-
tor for determining the type of the observed seismic-
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ity in Provadia Region. The increased seismic activ-
ity during last 25 years shows that there are active
tectonic processes in the region. The seismic activity
in this region is prevails the activity of Plovdiv Zone
that is known by three earthquakes of magnitude 7.0
occurred in the last century. The earthquakes gen-
erated in Provadia Zone are almost of same magni-
tude that is a characteristic feature of induced seis-
mic events (fig. 1).

To increase the accuracy of the earthquake hy-
pocenter location (geographic coordinates and
depth) and to increase the capacity of the network
to detect lower magnitude earthquakes and to record
stronger earthquakes the on-site digital recording is
essential. This improves signal to noise ratio, enables
application of different procedures for detecting of
signal and further processing. Three component seis-
mic stations are necessary for recording of wave
forms, and particularly shear waves and applica-
tion of different methods for their analysis, i.e. 3D
modelling of shear waves that are more sensitive to
the changes in the state of the stress.

Technical parameters of the upgraded
stations

The modernization is started with two seismological
stations Roiak and Avren, located in the close vicin-
ity to the Mirovo Salt Dome. The DAS Reftek 130-
01 on that is in use in the national seismological
network proved to be the datalogger that meets the
requirement for robust data transmission and man-
agement from the Centre for data collection and
analyses in Sofia. It has true 24 bit ADC, with GPS
unit for coordinates and time, with included ampli-
fier board in it. The deployed sensors are 3 compo-
nent system Geospace (GS) geophones with frequen-
cy band 4.5-50Hz. This is cost effective solution for
monitoring local seismicity that is widely applied in
many countries in temporary networks and is proved
to be very effective. The high frequency range 5-50
Hz where the microseismic events related to the so-
lution mining should be is reliable covered. The cen-
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Fig. 1. Map of density function of the number of earthquakes with M>3.0 occurred on the
territory of Bulgaria within the period 1980-2005 N/900 km?

Fig. 2. Seismic stations Provadia, Avren and Roiak (ROA) — mast, antenna, radio-modem, lightning protection and
the installed seismological equipment on ss Roiak and Avren — geophone as seismometer, DAS Reftek 130-01
lightning protection; height of the masts are correspondingly 25, 13 and 14 m

tral station Provadia is equipped with BB seismome-
ter KS2000 and Reftek 130—01 and enables record-
ing of very broad frequency range — 120 sec — 50 Hz;
the current network solution of the national seismo-
logical network permits easy adding of new devices
to the data stream to the Centre. Therefore the in-
corporation of the data streams from seismic station
Roiak and Avren was smooth.

The radio transfer of data in the non-licensed
frequency band of 2.4 GHz was chosen. The ap-
plied topology for the network is point-to-multipoint.
Radio-modems and antennas were mounted on the
masts in the station Provadia (25 m) — hub, Roiak
(14m) and Avren (13 m) — remotes. The mount of
the radios is shown on stations is shown in fig. 2.

The radios operate in time division duplex mode
and automatically synchronize the burst transmis-
sions of all co-located radios. In a point to multi-
point network the hub radios allocate the available
bandwidth dynamically among the remote radios that
are currently active. The maximum and committed
information rates may be configured separately for
each remote radio and presently are set to 1.3 Mbps.
An important advantage of this solution is that each
radio has its own IP address can be logged-in through
VPN network of the National Seismological Network
and current status of the radio frequency spectra,
all parameters for transmitting and receiving can be
changed remotely.
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Fig. 3. Records of a local earthquake (17.09.2006, GMT 00:50) and blast
in Devnia region (19.09.2006 GMT 09:09). Note different pattern of the
waveforms, typical energy release in surface wave for near-surface mul-

tiple explosion.

All stations were prepared for the digital data
acquisition and data transfer in one week time in
September 2006. All necessary technical preparation
for grounding, lightning protection, cables laying
was done by the technical experts of Geophysical
Institute. Since 10.09.2006 the CDCA started receiv-
ing continuous data streams from stations Roiak and
Avren.

Some results from the monitoring

The data acquisition and transfer from the stations
Roiak and Avren proved to be reliable. The analyses
of the several earthquakes and blasts in the region
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show good signal/noise level of recording events.
Three-component records give possibilities for ad-
ditional restriction of the location of the events and
prove the necessity to develop a local velocity model
for the events in the region. Records of the earth-
quake and blast recorded by the stations of the local
network are shown in fig.3. Present digital record-
ings permit performing of advanced procedures for
data analysis of the seismic waveforms.

Conclusions

After modernization, LSN in Provadia meets the re-
quirements for digital network providing reliable,



high quality real-time seismic monitoring of the lo-
cal seismicity and may serve as for a basis for infor-
mation and rapid earthquake information to both
scientific communities and authorities in Bulgaria
for seismic hazard mitigation.
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MojaepHu3anus Ha JIOKAJHATA cen3MUuIHa mpe:xa B IIposaaus

Juausa Jumumpoea, Ceemaana Hukonaoea, Jumuo Coaaxoe

Pesrome. Ilpe3 cenremBpu 2006 B pamkute HA 3
npoexta puHaHCHpaHW OT MHUHHCTEPCTBOTO Ha
O6pasoBanuero u HaykaTa e HampaBeHa MOJICPHHU-
3anus Ha 2 CTaHIOUHU HA JIOKAaJIHATa CECU3MHUYHA
mpexa (JICM) B [Iposanus. I1o HacTosem 6a3o-
BAT CTAaHIIUSA HpOBa,Z[I/IH, KOSATO € 4aCT OT HalluoO-
HaJHAaTa CEM3MOJIOTMYHA Mpexa ¢ 00opyaBaHa C
mupokoaeHToB cemdMomeTsp KS2000 ¢ yectorHa
nenta 120 sec — 50 Hz, 3 xananna nudposa ceus-
muyHa ctannus Reftek 130—01 u e cBbp3ana kbM
VPN u upes nHest ¢ Hanmonanmaus Lentsp 3a Cens-

moJjiornuyHa MHpopmanus B [OU. CensmMuvyHuTe
crannyu Posik m ABpen, kouto ca gact ot JICM ca
o0opyaBaHU cera ¢ 3 KOMIIOHEHTHA CHCTEMa I'eo-
¢onu GS c vecrorna nenra 4.5—50 Hz u Reftek 130—
01. ITperocsr Ha ITUGPOBUTE TAHHU € OCHIECTBEH
C panIro-MoIeMH PaOOTEIIHN B HEJTU3EH3UOHHUS 00-
xBaT 2,4 GHz. M3non3yBanaTa TONOJIOTUS HA Mpe-
JXKaTa € TO4Ka 70 MHOro TO4kd. [TokazaHu ca BE3MOX-
HOCTHTE Ha MOJIEPHA3UPAHATA MpPEXa 32 MOHHUTO-
PHHT Ha JIOKAJIHATA CEU3MHUYHOCT.
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