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General Information

In many regions the large urbanized areas are
overlapped with the regions of manifestations of
different natural disasters. This is one of the reasons
that has provoked bilateral international project
exploring the problems of the natural and technogenic
hazards and their possible mitigation (Paskaleva et
al., 1992; Aronov et al., 2005). Next items described
technologically provoked problems in the salt mines
Mirovo (near Provadia, =43.06°N, 1=27.45E),
Bulgaria and Starobin ¢=52.84°N, A=27.47°E,
Belarus.

Like in the case of the Provadia mining region,
negative ecological consequences are considerable
deformations of the ground over worked out underground
mines, vast areas occupied by wastes of potassium
production, as well as phenomena of induced seismicity.
An intensity of individual shocks is as high as 4-5 on the
MSK-64 scale. The impact of deposit mining work is
responsible for troughs resulted from pushing together
movements and for deformations of buildings and
constructions on the earth’s surface.

The regional seismic situation and monitoring

The Provadia region is considered to belong to a zone
with moderate seismicity between 1900 and 1970
(Rangelov et al., 1994). The seismicity of this region
is determined mainly by the Devnya fault in the north
of Provadia. The region is characterized by
compression stresses in NE-SW direction which is in
agreement with the general situation in northern
Bulgaria (Knoll et al., 1995). According to the potential
seismic source map the maximum expected
magnitude at this site is M=5.6-6.0 and depth 5-10km.
Within the time, since 1900 there were only few events
felt near the Mirovo salt deposit (in 1901, with M=3.8
and epicentral intensity [,=V MSK-64; 1901, M=3.6,
[,=V; 1902, M=3.6, [,=V; 1903, M=2.6, [,=III ). Up

to 1964 there are not other data concerning the
seismicity of the Mirovo district.

The nearest seismological station, PRV (Provadia),
was established somewhere in 1980. In 1981 a strong
ground motion network with five instruments SMA-
1 was built. The digital Reftek station was installed
and calibrated by the GTU Ingenieur Buro Knoll
specialists (Paskaleva et al., 1994).

More than 200 strong ground motion components
registered by the SMA-1 instruments were processed.
All the records are “saturated” with high frequency
vibrations. According to the response spectra for the
accelerations and 5 % damping the maximum periods
are in the range 0.085-0.2 sec for the vertical and
0.1-0.57 sec for the horizontal components (HOR).
Another feature of these events is their short duration
(0.12-2.97 sec), most of these earthquakes act as
impact excitations. The peak ground accelerations
(PGA) are quite high; in some records they overcome
0.5g. The dynamic effect of single events obtained
from the response spectra with 5% from 1.2 to 6.0
for the HOR and reaches up to 7.0 for the vertical
components (VER). The ratio between the PGA,
VER and HOR, is 0.17-2.26, which shows the
predominant influence of the VER component and
confirms the local origin of the earthquakes. The
duration of the intense part of the accelerograms is
about 3 sec. Such short duration means that these
events act as single short-time impulse load on the
chamber-pillar system. The fact that the vertical PGA
are often higher than the horizontal (50 % of the
registrations), has to be considered when perform a
dynamic analysis of the stress-strain state of the
system too, since there is a possibility for pillar failure
due to vertical cracks occurrence. The available
records can be efficiently used for the vulnerability
analysis of the structures in the region of Provadia,
for pillar capacity reestimations.
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Starobin. According to a division of the east
European platform west into seismotectonic regions,
the territory of the Starobin deposit of potassium salts
is related to the Pripyat potentially seismic superzone
with a magnitude M=4.0 and a focus depth H=5 km
(Garetsky et al., 1997 ).

As to induced earthquakes, the first of them was
recorded in 1978 (K=9, [;=V) by the seismic station
“Minsk” located at a distance of 170 km from it.
Continuous instrumental seismic observations in the
deposit region were carried out in 1983 by equipment
with short period seismographs. Operating frequency
bands were 1-10 Hz with analog recording. Besides
within 1983-2000 observations were carried out by
self-contained seismic instruments with operating
frequency bands of 0.5-60 Hz and duration of
independent work of 20 hours, and the information
was recorded on magnetic tape. About 1000 seismic
events were recorded in the region within this period
(Aronov et al., 20035).

A seismologic telemetric complex was installed in
2004, and the information was transmitted into the
computer. At the first stage the complex was
composed of four observation stations. A total of 6
observation stations were envisaged. Each station was
instrumented with three-component short-period
seismic detectors with capacitance-type transducer
and magnetic-electrical feedback. The operating
frequency band was 1-70 Hz. The information was
continuously transmitted to a computer in the real time
network and then to a computer when it was
accumulated, processed and stored. Observation
stations were located both in mines, and on the ground
surface. A dynamic range was at least 120 dB. A
reception range was at least 30 km.

A three-level database was the result of long-
term seismic monitoring based on an automated
telemetric complex contains: level 1- general
geological and geophysical information on the
territory under monitoring, specific data on the
seismograph network, tectonic blocks, velocity
models, seismic wave travel time curves, etc; level
2 -digital seismograms of recorded seismic events,
digital event seismograms, arrival times and
amplitudes of seismic phases, major wave groups
with maximum amplitudes, etc; level 3 - the main
results of interpretation, i.e. space and time, energy
parameters of foci of seismic events as well as
some other parameters. The data are considered
to be most important for studying geodynamics of
the Soligorsk industrial region.
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Results
Over the period 1983 till 2004 more than 1000 seismic
events have been registered in the area monitored, 4
of which produced a tangible effect: 10 May 1978; 2
December 1983; 17 October 1985; 15 March 1998.
The energetic class which is connected to the
magnitude correlating K=1,8M+4 for those events is
located within the diapason of 8,0- 9,5. The intensity
of soil shaking rose up to 4-5 scores. All the
earthquakes were accompanied by macro-feelings:
rumble, window glass rattling, swaying of hanging
objects, furniture and floor creaking on the ground
floors of wooden constructions. The scattered plaster
cracks were observed. During the earthquakes 1978
and 1998 roof collapse took place. This map also
shows rupture dislocations active at the present-day
stage. The strongest seismic events recorded recently
in the Soligorsk region are confined to zones of
tectonic disturbances active at the latest stage. These
are a set of the North-Pripyat superregional faults,
the Chervonaya Sloboda and Stokhodsk-Mogilev fault
systems. This is also evidenced by the prevailing
fracturing orientation measured immediately in mines
and by the regional stress system of the East European
Platform west. At present continuous seismic
observations at the Soligirsk geodynamic testing
ground are carried out with an automated telemetric
seismic complex intended for prompt monitoring of
space and time distribution of seismicity and
assessment of the geodynamic environment by
outlining seismically active areas (tectonic blocks).

The Provadia deposit area is situated in the eastern
part of Bulgaria. Seismic observations have been
carried out there since 1994 by a local network of
five stations. Most of epicenters are confined to a
zone measuring 20 km across and situated between
the settlements of Markovo, Dulgopol and Momino.
The strongest earthquake of this region with a
magnitude of 4.4 also took place there in December
18, 2003. The other smaller zone where epicenters
are abundant is situated 30 km southwestward. The
area of epicenters extends to approximately 70 km
sublatitudinally and 65 km submeridionally. In the first
epicentral zone events with a magnitude of 1.5+2.4
are slightly prevalent, and in the second zone events
with a magnitude of 2.5+3.4 are dominant. In both
deposits epicentral areas of seismic events overstep
the limits of mine workings. This is typical of induced
seismicity zones.

The seismic energy of the Soligorsk events was
calculated from wave patterns. The energy in



Fig.1. The curve of recurrence for the Soligorsk and
Provadia regions.

Provadja was calculated from the local magnitude
using IgF(J) = 1.8M + 4. The Fig.3 presents a curve of
recurrence calculated by the method of intervals for
both regions. The average annual value of a number of
seismic events is plotted as ordinates. This curve shows
that in the region of Soligorsk the seismic activity is higher
for a range of energy classes 4+9. The curve shape in
this range is almost uniform. It should be noted that this
range of energies correspond to rock-tectonic shocks
according to Malovichko classification (Malovichko et
al. 2000). A quasi-similarity of curves suggests the similar
origin of seismic events.

However, in the Provadia region seismic events with
energy class of 9 and higher, i.e. in the energy range
related to technogenic earthquakes class 4 are more
abundant. One earthquake which took place between
the settlements of Markovo and Momino in December
18, 2003 had a magnitude of 4.4 (K~12). The time
distribution of the seismicity in Provadia and Soligorsk
is shown in Fig.3. Annual values of seismic energy (E)
for the Provadia and Soligorsk regions are given in Fig.3.
This Figures 2 and 3 represent the total annual number
of seismic event and the summary value of released
seismic energy. A quasi-periodic character of a number
of seismic events with the general tendency to increase
is characteristic of the Provadia and Soligorsk regions.
The summary annual energy value agrees in general
with a number of events. This regularity has been slightly
disturbed since 1996 in the Soligorsk region. When a
number of events increase there the summary annual
energy is tending to decrease. For the curves drawn
from the Provadia data two extreme points are not quite
informative as during 1994 and 2004 the observations
were not carried out regularly there. In the Soligorsk
region events of the less energy class are dominant
suggesting a technoge-nic effect. Besides, there are
suppositions that the seismicity in the Soligorsk is
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Fig.3. Annual values of seismic energy for the Provadia
and Soligorsk regions.

influenced (though to a lesser extent) by the other factors,
e.g. lunar-solar tides (Seroglazov, 2003). In the Provadia
region tectonic processes seem to play the more impor-
tant part, which is confirmed by the stronger seismic
events that occur there. This is due to the fact that the
Provadia region is situated in the seismically active zone.

Seismic processes in the regions of potassium salt
deposits of Provadia and Soligorsk show the following
characteristic features: a) the identity of the curves
of recurrence of seismic events of the energy range
of 4-8; b) a quasi-periodic character of the seismicity
activation in time against the general trend of seismicity
activation increasing; c) zones of epicenters of seismic
events are larger that mining areas.

There are some differences in the pattern of
seismic processes, such as: a) seismic activity in the
range of small energies (K=4+8) is higher in the
Soligorsk region; b) events of the higher energy class
K>9 are characteristic of the Provadia region.
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CEM3MWYHMU ITPOLIECHU B PAHOHU HA MUHHU U3PABOTKH HA TIPUMEPA
HA COJIHU HAXOIUIIA B BbJITAPUSA U BEJIAPYC

Heanxa Hackanesa!, Cons JJumumpoea’®, Apxaou Aponos’ , Enuana JJopeaposa’

dokychT Ha Ta3u paboTa € BBPXy OIleHKAaTa Ha
CEU3MUYHHS PUCK, CBBP3aH ChC CONIHUTE HAXO-
mumia B [IpoBagus u Comuropck (bemapyc). 3a
1[eNTa € U3BBPIICH MOHUTOPUHT OT OEIOpyCKH U
OBATApCKN CHEIUANNCTA B paMKHUTE Ha NIBY-
CTPAHHUSAT MPOEKT.

[IpencraBeHu ca IBATOCPOYHH IPOYIBAHHS OT
1983-2005 r. Ha €AMHCTBEHOTO EKCIJIOATHUPAHO
Ooparapcko comao Haxoauie (IIpoBaaus, ¢=43,060
N, A=27,450 E) u 6emopyckoro (CtapobuH
¢=52,840 N, u A=27,470 E) BB Bpb3Ka ¢ HaOIIO-
JaBaHaTa ITOBHIIEHA CEM3MHYHA aKTHBHOCT U
BB3MOXHHUTE MPOSBICHUS Ha TEXHOTEHHATa
CEM3MUYHOCT BHB CIIOMEHATUTE PaliOHHU.
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YcTaHOBEHU ca XapaKTEPUCTUKUTE HA CEU3MUY-
HUTE MPOLIECH KaTo Ha rpaduka Ha MOBTOPEHUE HA
CEM3MHUYHUTE CHOUTHS ChC CTOMHOCTH Ha EHEpPTHUsTa.
YCTaHOBEH € KBa3sH-NEPHUOJUYHUS XapakTep Ha
CEeM3MUYHOCTTa BBbB BpeMeTo Ha (oHa Ha odmara
TEHJCHIMS Ha yBelWYaBaHE Ha CEU3MHUYHOCTTA.
W3zcnenpanero mokaspa, 4e SMMLEHTPAIHUTE 30HU
ca Mo-roJIeMH OT 00JIacTUTE Ha MUHHH PadoTH.

Ioka3anu ca HIKOU Pa3INYKs B 3aKOHOMEPHOCTTA
Ha 3eMETPBCHHUTE MPOLECH - CEM3MHYHATA aKTHB-
HOCT C Mallki CTOWHOCTH Ha eHeprusta (K=4-8) e
no-Bucoka B paiiona Ha Conuropck. HabmonaBanu
CbOMTHS OT O-BUCOK eHeprueH kiac K>9 ca tunmy-
HH 3a pailoHa Ha [TpoBanus.



