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SUMMARY

Nowadays, the organization of the National System of Seismic Observations in Ukraine.
There are seismic stations in the Subbotin Institute of Geophysics of National Academy of
Sciences of Ukraine and in the Main Center of Special Monitoring of the State Space Agency
of Ukraine. On the basis of these institutions, a joint National Data Center has been created,
where the collection, processing and analysis of the obtained seismic data. Information is
provided to users both near real-time and over time, after in-depth analysis, in the form of a
seismological bulletin and earthquake catalogs.

The Ukrainian national seismological bulletin includes detailed information on all seismic
events that occurred in 2021 on the territories of Ukraine and neighboring countries
(Romania, Poland, Moldova, Slovakia, Hungary and Belarus). The seismological software
package SeisComP3 was used to calculate the earthquake parameters.

According to the results of instrumental observations, during 2021, more than one and a half
hundred earthquakes occurred on the territory of Ukraine and neighboring countries, most of
them were confined to the Vrancea deep-focus zone (Romania). The maximum recorded
magnitude of the earthquake is 4. 6. The earthquakes from the territory of other neighboring
countries had local nature and did not have a significant impact on the seismicity of the
territory of Ukraine. On the territory of Ukraine, most of the epicenters of registered local
earthquakes are located within the Volyn-Podillya and Precarpathian trough on the border of
the Carpathian Folded Belt. An earthquake with a maximum magnitude of 4. 3 was recorded.
In the Crimean-Black Sea region, weak seismicity was observed during the year, earthquake
epicenters were concentrated within the sea area.
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Introduction

The Ukrainian National Seismological Network (UkrNSN) was created by Ukrainian Government in
order to improve the safety of the population and the operation of production assets in seismically
hazard regions of our country, to monitor compliance with the requirements of international treaties
on limiting and banning nuclear weapons tests, to study the seismic and geohydrology deformation
state of the territory of Ukraine and neighboring areas (CMU Resolution N728..., 1995). Nowadays,
the SONU and National Data Center (NCD) are in Ukraine. There are seismological broadband
stations in the Subbotin Institute of Geophysics of National Academy of Sciences of Ukraine (IGPH)
and in the Main Centre of Special Monitoring of the State Space Agency of Ukraine (MCSM) and
their computing centers together (CMU Resolution N699..., 1997). In addition to the tasks of
collecting, archiving, processing and analyzing geophysical data, the NDC is entrusted with the tasks
of operational and methodological management of the work of monitoring forces and means, the
development of technical, methodological and mathematical support, informing the population and
state authorities, publication seismological bulletins and catalogs.

The Ukrainian National Seismological Bulletin was founded by the Crimean Expert Council for
Seismic Hazard Assessment and Earthquake Prediction and was published annually until 2013.
However, after the russian annexation of the Crimea territory, the issue of the bulletin was temporarily
suspended. In 2022 both institutions decided to resume the issuance of the joint Seismological
Bulletin of Ukraine based on the results of observations by the Seismological network of Ukraine.

The bulletin includes earthquakes that occurred in 2021 on the territory of Ukraine and the territory of
neighboring territory. The magnitude of recorded earthquakes on the territory of Ukraine ranged from
1.0 to 4.3 at depths of 2-10 km. The UkrNSN also registered a large quantity of industrial explosions
in mines and quarries of Zhytomyr, Kryvyi Rih and other regions of Ukraine, which will also be
included and published in the Ukrainian National Seismological Bulletin.

Methods of investigation

The Ukrainian National Seismological Bulletin presents the parameters of earthquakes. It was carried
out based on the results of instrumental observations of the UkrNSN (the Subbotin Institute of
Geophysics (Ganiev et al., 2021a, 2021b) and the Main Center for Special Monitoring (Main Center..,
2010)). The local seismic arrays data of State Enterprise “National Nuclear Energy Generating
Company “Energoatom” around the nuclear power plants and foreign seismological networks data of
neighboring countries were used to refine the seismic events parameters (Mdarmureanu et al., 2021,
Andrushchenko et al., 2020). The map of Seismic observation networks of Ukraine for 2021 is shown
on Figure 1.

Collection, processing and analysis of data was carried out using specialized seismological software
SeisComP3, which supports both automatic and manual data processing and interactive viewing of
processing results.

The epicenter and depth of the earthquake source were calculated using the LocSAT method, which
uses a one-dimensional model of the earth's crust (Bratt & Nagy, 1991). An operator can change or
add or remove the arrival time of the signal phases at the station, achieving minimal errors.

To calculate the magnitude, the values of the local magnitude ML (“Richter magnitude”) were used:
ML=log Ama— log Ao,
where Ay is the amplitude of the reference event. For ML=0 can be rewritten as:
ML= log Amax — 2,48+2,76 log 4,

where 4 — distance from the station to the earthquake. The formula is used for ML<7 values at regional
distances. Usually this is the magnitude calculated from the horizontal channels for the S-wave. MLv
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magnitude is a modification of ML for vertical channels. Used for seismic stations at distances less than
8 degrees.
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Figure 1 Ukrainian National Seismological Network (UkrNSN): rhombuses show IGPH seismic
stations, circles — MCSM seismic stations, radiation comparisons mark is local seismic arrays of SE
"NNEGC “Energoatom" around nuclear power plants

For body waves, the magnitude value mb, intended for teleseismic distances, is used, however, its use is
acceptable from a distance of 5 degrees, when there is already a clear phase of the P-wave

mb=log (A/T) +Q (h, 4),

where A- displacement amplitude in micrometers, 7 is the prevailing period in seconds, Q is a
correction factor for distance (A) and depth (h).

The intensity calculation for the deep-focus Vrancea region of the Carpathian Mountain is made using
the magnitude mb:

I1=1.9 mb+4.8 log(h’+ 4°)"?+5
For the rest of the territory, the magnitude ML (MLv) is used:
I1=1.9 ML (MLv)+3.5 log(l’+ 4°)"?+3,
where in both formulas 4 — distance, h — depth.
Examples

The Bulletin includes information about one and a half hundred earthquakes in Ukraine, Romania,
Poland, Moldova, Slovakia, Hungary and Belarus. The spatial distribution of the epicenters of the
registered earthquakes recorded in 2021 is shown on Figure 2.

The presented bulletin includes both a catalog (Tab. 1) of earthquakes indicating the date, time at the
source, epicenter coordinates, magnitude, intensity of shaking at the epicenter and depth, as well as
detailed data on events, including types and primary parameters of registered seismic phases, as well
as a map of the epicenter developments.

Table 1
No Date (1{;1;11(?) Coordinates Magnitude| Intensity | Depth Region
Latitude|Longitude
1 [2021-09-23 | 03:18:04 | 48,87 | 25,68 4,3 5 6 Ukraine

XVXVI International Scientific Conference “Monitoring of Geological Processes
ancand Ecological Condition of the Environment”

1 5H8-NoXombmtizd ZN R y Kry Wkt akmeine




Monitoring’2022 EAGE

Voronezh:

Lublin
o
Lutsk;

Iy - Rivne:
* Pisne

lgorod
; Benropon
Zhytomyr,
HMTOMHMD

Ternopil
TepHonine. Cherkasy I'Ion_Taa
# = Vinnytsia Hepiach
Ivano-Frankivsk Khmelnytskyi . Bisnnugly 2 Kremenchuk
IBBHl}Qp.aHMEL.J\. R

, Kpemenuyic
Ukraine i Dnipro
Kropyvnytskyi, . Aninpo Donetsk
KponuB s ki TeperEETE PIOHELEK
Kryvyi Rih,, 33nnei)u)uﬂ e
X, Moldova| R Manupal
3 i Mykolaiv.
Cluj-Napoca @Chiginau Mukonais

Odesa oI Kherson
Opeca X
g’b\'\r\,_, .

‘Romania
- ®

Ploiesti Sevastopol
CeBacTononb
o

o3
Bucharest Hosdicomack

Coneaia ® .
S - [ ] -

#

Aol )
Varna

Figure 2 Location of epicenters of earthquakes recorded in 2021

23.09.2021. Ukraine, Ternopil region.
to=103:18:04; ¢ = 48,87° N; A = 25,68°E; h = 6 km; mb = 4.3

Date Time Latitude Longitude Depth Mag

2021/09/23 03:18:04.4 48.8772 25.6899 6 mb 4.3

UKRAINE

Sta Dist Phase Date Time Res P:eanepons:eow?inafnfxmgaeamam

BMR 1.90 P 2021/09/23 03:18:33.1 -1.3 an 2021-03-23 03:1:04 UTC

ARCR 2.00 P 2021/09/23 03:18:33.7 -2.2 R

TRPA 2.22 P 2021/09/23 03:18:38.0 -0.9 —Of s A

KOLS 2.25 P 2021/09/23 03:18:40.6 1.3

TESR 2.45 P 2021/09/23 03:18:43.1 1.1

CJR 2.58 P 2021/09/23 03:18:42.3 ~-1.6

DRGR 2.89 P 2021/09/23 03:18:47.4 -0.8

KIEV 2.91 P 2021/09/23 03:18:45.4 -2.9

GHRR 3.05 P 2021/09/23 03:18:53.6 3.4

MLR 3.39 P 2021/09/23 03:18:58.2 3.2

KECS 3.47 P 2021/09/23 03:18:56.0 0.1

DEV 3.54 P 2021/09/23 03:18:55.4 -1.5

LOT 3.67 P 2021/09/23 03:18:57.3 -1.5

SIRR 3.77 P 2021/09/23 03:18:59.5 -0.6

PSZ 3.98 P 2021/09/23 03:19:00.2 -2.8

GZR 4.01 P 2021/09/23 03:19:03.3 -0.1

BZS 4.28 P 2021/09/23 03:19:06.8 -0.2

VYHS 4.55 P 2021/09/23 03:19:09.0 -1.8

VRSS 4.79 P 2021/09/23 03:19:12.7 -1.4

MDVR 4.92 P 2021/09/23 03:19:17.6 1.7

OKC 5.02 P 2021/09/23 03:19:17.7 0.5

JAVC 5.29 P 2021/09/23 03:19:21.7 0.7 - —
B8 feit repots on this map

MORC 5.40 P 2021/09/23 03:19:22.5 0.0 e Exicanyallocaton

MODS 5.60 P 2021/09/23 03:19:27.3 2.2 Aeported se: [ORIEN__Falt gy et Dameona Y

MPLH 5.72 P 2021/09/23 03:19:29.0 2.2

KRLC 5.92 P 2021/09/23 03:19:29.3 - 0.4

VRAC 5.99 P 2021/09/23 03:19:30.9 0.4

KRUC 6.12 P 2021/09/23 03:19:32.8 0.5

DPC 6.26 P 2021/09/23 03:19:31.0 -3.3

OSTC 6.37 P 2021/09/23 03:19:36.1 0.4

CHVC 6.47 P 2021/09/23 03:19:37.1 0.0

TREC 6.71 P 2021/09/23 03:19:40.0 -0.4

PABE 6.72 P 2021/09/23 03:19:42.3 1.9

PRU 7.35 P 2021/09/23 03:19:49.4 0.3

pvCC 7.39 P 2021/09/23 03:19:49.3 -0.4

CKRC 7.51 P 2021/09/23 03:19:54.9 3.6
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PBUR 7.51 P 2021/09/23 03:19:50.5 -0.8
GEC2 7.90 P 2021/09/23 03:19:58.9 2.1
KHC 7.97 P 2021/09/23 03:19:58.3 0.7
WET 8.42 P 2021/09/23 03:20:03.0 -0.9
TANN 8.72 P 2021/09/23 03:20:07.9 0.0
MOX  9.27 P 2021/09/23 03:20:16.3 0.8
GRC4 9.31 P 2021/09/23 03:20:15.4 -0.6
HAKT 17.28 P 2021/09/23 03:22:01.9 -0.7
Conclusions

The most of epicenters were located within the seismically active Vrancea zone, Romania (65 seismic
events) among all earthquakes that were registered in 2021 on the territory of Ukraine and
neighboring countries. The most powerful earthquake in this region had a magnitude of 4.6. The
estimated intensity of shaking on the territory of Ukraine was 3 points.

In general, stations of the Ukrainian National Seismological Network (UkrNSN) registered about 30
local earthquakes on the territory of Ukraine in 2021. The epicenters of the majority of earthquakes
are located within the Transcarpathia, Ivano-Frankivsk and Chernivtsi regions. The magnitude values
of seismic events range from 1.4 to 4.3. The most powerful earthquake near the Chortkiv town on
September 23, 2021 had a magnitude of mb = 4.3 and an intensity of up to 5 points at the epicenter.
Comparison of the distribution of the epicenters of these earthquakes with the fault tectonics of the
southwestern part of the East European Craton shows that the sources of seismic events are confined
mainly to different fault zones. The main number of epicenters of registered local earthquakes is
located within the Volyn-Podillya and Precarpathian trough on the border of the Folded Carpathians.
In the Crimean-Black Sea region, weak seismicity was observed during the year, earthquake
epicenters were concentrated within the sea area.

Earthquakes in Poland, Moldova, Slovakia, Hungary and Belarus were local in nature and did not
significantly affect the seismicity of the territory of Ukraine.
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