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LOCAL SEISMOLOGICAL NETWORKS OF NUCLEAR POWER PLANTS
OF UKRAINE AS COMPONENTS OF THE NATIONAL SEISMOLOGICAL
MONITORING SYSTEM

The aim of the work is to determine the possibility of using local seismological networks of nuclear power
plants as elements of the seismological monitoring system of the territory of Ukraine. Estimation of local
seismicity and specification of quantitative parameters of seismological influences is carried out on the basis of
materials of seismological observations. Operational processing and analysis of seismic signals registered on the
elements of local seismological networks of NPPs is carried out by the Main Center for Special Control of the
State Space Agency of Ukraine (MCSC SSA of Ukraine). In the process of implementation of the “Seismic
Hazard Assessment and Seismic Resistance Action Plan” of existing NPPs, seismic monitoring networks were
deployed at Ukrainian NPPs. To date, the MCSC receives data from the local seismological networks of Rivne,
Khmelnytsky and Zaporizhzhya NPPs in a continuous mode. The processing of geophysical information coming
from the NPP to the FSC is carried out by the operational next shift of the center with the help of FSC hardware
and software and provides reliable data on the parameters of seismic sources registered by stations, their location
and energy characteristics. In total, in the period from 2017 to 2021, 36 local earthquakes were registered by
NPP seismic networks in Ukraine. The epicenters of the vast majority of them are located within the Ivano-
Frankivsk, Ternopil and Lviv regions. The experience of conducting instrumental observations at NPP seismic
stations testifies to their high efficiency and possibility of use as full-fledged elements of the seismological
monitoring system of the territory of Ukraine. According to the results of primary processing of seismic data of
2017-2021, a catalog of seismic events registered by NPP seismic stations was created. The system of
interpretation of the obtained results was improved, which allowed to determine equally well local, regional and
teleseismic events of different nature and energy level. The practical significance of the obtained results lies in
their direct focus on solving a number of practical problems of processing and interpretation of seismological
data. The use of NPP seismic stations as elements of the general system of seismological monitoring of Ukraine
will increase the reliability of detection and localization of sources and the probability of correct identification of
the nature of seismic phenomena, which in turn will improve the assessment of tectonic structures in Ukraine.

Key words: nuclear power plant; seismic event; seismological monitoring; seismic receiver; microseismics;
epicenter.

Introduction geodynamic, seismotectonic, seismological, soil and
hydrological conditions of the site location. To
perform these studies, the operating organization
involves specialized organizations that have the
necessary experience and resources to conduct such
work, as well as the authority to approve their results.
Seismological monitoring networks were deployed at
Ukrainian NPPs in the process of implementation of
the “Plan of measures for seismic hazard assessment
and seismic resistance testing of existing NPPs”,
approved by the resolution of the Board of the State
Nuclear Regulatory Committee of Ukraine dated
19.02.2009 No. 7.

Carrying out seismological monitoring on
permanent networks of seismic stations in the NPP

Nuclear energy has been and remains the most
important element in ensuring a reliable and secure
electricity supply in Ukraine and its development
continues. Construction and operation of nuclear
power plants requires compliance with modern
requirements for seismic design and application of
modern international approaches to assessing the
seismic hazard of power units [Ryzhov, et al., 2012,
2013, 2017]. In accordance with the requirements for
seismic design and seismic safety assessment of
nuclear power units (NP 306.2.208-2016), in the area
of the NPP location the operating organization creates
a special local network of permanent highly sensitive

s?sm'f monltorlngl statlonz. ':']he seismicity O]f th? S'Fe areas to ensure seismological safety involves solving
of nuclear power plants and the parameters of seismic o following tasks:

influences are  determined on the basis of — observation of micro-earthquakes and their
seismological studies taking into account specific  dynamics in space and time;
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— registration of local remote
earthquakes;

— specification of quantitative parameters of
seismic impacts during a project earthquake (PE) and
maximum calculated earthquake (MCE) from local
seismically active zones and the Vrancea zone, based
on materials of seismological observations conducted
directly at NPP sites and data on seismic energy
attenuation with distance according to all system
points;

— performance of early warning functions in case
of a strong or catastrophic earthquake.

and strong

Purpose

The aim of the work is to determine the possibility
of using local seismological networks of nuclear
power plants as elements of the seismological
monitoring system of Ukraine. The study also focuses
on conducting regime seismological observations of
local and regional seismic events, improving the
method of processing records. In addition, the study
conducts comprehensive processing of registered
events assessing local earthquakes to estimate current
activity of tectonic structures of Ukraine.

To achieve this goal, the following tasks were set:

1. To provide data collection of seismological
observations and to form on their basis the
corresponding databases of digital seismological data.

2. To analyze the possibility of using local
seismological networks of nuclear power plants as
elements of the seismological monitoring system of
the territory of Ukraine.

3. Using the data obtained at NPP seismic stations,
to investigate the manifestations of modern activity of
tectonic structures of Ukraine.

Method

Estimation of local seismicity and specification of
quantitative parameters of seismological influences is
carried out on the basis of materials of seismological
observations. Specialists of the Main Center for
Special Control of the State Space Agency of Ukraine
detected and recognized seismic signals using seismic
monitoring systems of NPPs. They also formed
relevant catalogs of seismic events. In accordance
with the “Regulations on the National System of
Seismic Observations and Improving the Safety of
Living in  Seismically —Dangerous Regions”
(Resolution of the Cabinet of Ministers of June 28,
1997 No. 699) [Regulations ...., 1997], the State
Space Agency of Ukraine organizes and provides
continuous surveillance of geodynamic and seismic
conditions objects in order to assess the real seismic
resistance of these objects and their response to
seismic and other geodynamic effects. The Agency
creates a database of seismic and other geodynamic
effects on radiation-hazardous objects. In accordance
with the Decision of NNEGC “Energoatom” on the
approval of the supplier No. PII-IT 0.22.159-18,
MCSM processes and analyzes records of local and

regional seismic events registered by seismological
networks installed in the areas of NPP location.

Hierarchical multilevel construction of automated
systems of data collection, processing and storage
was adopted during the processing of digital data
received by the MCSC processing center from NPP
seismological networks. This greatly simplifies the
final result, as full processing is carried out in the
NDC without additional computing resources. The
processing of geophysical information coming from
the NPP to the MCSC is carried out by the operational
next shift of the center with the help of MCSC
hardware and software. It provides reliable data on the
parameters of seismic sources registered by stations,
their location and energy characteristics.

To date, the MCSC receives data from the local
seismological networks of Rivne, Khmelnytsky and
Zaporizhzhya NPPs in a continuous mode. The
seismological networks of each of the nuclear power
plants consist of six observation points located within a
radius of 25 km around the technical sites of the NPP.
Points of seismic monitoring networks are the basic
elements of information collection networks as part of
seismic monitoring systems. The elements of seismic
monitoring systems are integrated into a single telemetry
system, which performs the functions of collecting
information simultaneously with all elements of the
group, and centralized control of elements from the
technical site. The main functions of the points are the
collection of information from seismometers, the
accumulation and transmission of digital seismic
information to the data center in real time.

Soil vibrations are recorded by seismic receivers
manufactured by Giiralp System Limited and
Nanometrics, located in specially equipped instrument
wells. Signals from downhole seismic receivers
CMG-40TB and CMG-SPB. are converted to digital
form by means of the DM24 analog-to-digital
converter. The Giiralp DM24 digitizer is implemented
in the form of a downhole probe and can be installed
directly in the well together with the seismic receiver.
This design feature of the analog-to-digital converter
has a number of advantages over the traditional
installation in the head of the downhole structure,
namely:

— digital signals are not attenuated during
transmission from the seismic receiver to the surface;

— digitization of data at the point of registration
allows to guarantee reliable identification of the
nature of the registered seismic signal;

— DM24 digitizer can also be combined with the
authentication module in the wellbore.

In addition, each element of the group is equipped
with a receiver of satellite navigation signals such as
GPS Palisade to provide temporal and spatial data
binding.

Seismic receivers contain three sensors in a sealed
housing, capable of measuring the displacement of the
soil in the directions north/south, east/west and
vertical direction simultaneously.
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Determination of the coordinates of the epicenters
of the registered seismic events is carried out by
network processing, which involves the data of
seismological networks of NPPs and stations MCSC.
For hypocentria the LocSat program [Bratt, & Bache,
1988] is used, which is a part of the Geotool software
package [Coyne, et al., 2003]. This program takes into
account not only the first entries of longitudinal
waves, but also the selected secondary phases (Sn, Lg,
LR) considering their model errors (possible
statistical deviations). This allows you to get stable
solutions even with a small number of stations that
registered the event. In addition, this program can use
azimuth and slowness data calculated for each of
these phases, which is especially important when
participating in the location of seismic group data.

Results

One of the main difficulties in detecting weak
seismic signals is that it is performed against the
background of constantly operating microseismic
oscillations of different intensity and frequency
composition. To increase the efficiency of signal
detection, a large number of new means of
registration and methods of processing digital seismic
information in real time have been developed
[Zhigalin, & Lokshin, 1987; Antonova, & Aptikaev,
2004]. In order to study the noise situation in the
locations of elements of local seismological networks
of NPPs in the process of instrumental observations,
we conducted constant analysis of the noise situation
and the impact of microseisms of different order on
the possibility of isolating useful signals at
checkpoints. It should be noted that broadband
devices, which are equipped with seismic networks of
NPPs, simultaneously register microseismics of
different types [Gutenberg, 1958; Vinnik, 1968;
Savarensky, 1955], and therefore such intensive and
various in frequency structure noises are registered on
the primary seismogram. So, it is necessary to carry
out band frequency filtering for allocating weak
signals. The average values of the microseismic
background at the registration points were calculated
according to the records obtained using seismic
sensors installed in observation wells and on the day
surface. As an example, the results of calculations for
stations of the seismic network of RNPP are presented
(Table 1).

As can be seen from Table 1, the amplitudes of the
seismic background calculated from the seismic
records obtained from instrumental observations on
the day surface (industrial site of RNPP) are quite
high due to the surface layer of sedimentary rocks
and, as a consequence, high intensity of second-order
microseismics.
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Table 1

Values of microseismic amplitudes at RNPP
seismological network registration points

Observat | Location of the Amplitude of
ion point | observation point seismic
background,
pum

RNPP 1 Kostyukhnivka 0.004
village

RNPP 2 | RNPP industrial 0.424

site

RNPP 5 | Stary Chortoryisk 0.005
village

RNPP 6 Polytsi village 0.004

RNPP 8 city Varash 0.004

RNPP 9 | Sopachiv village 0.003

In turn, the installation of a seismic sensor in the
instrument well has the effect of reducing the level of
the microseismic background by about one order of
magnitude. A striking illustration of this effect is the
comparison of the level of microseismic noise at the
point of seismic observations RNPP 9 (Fig. 1) in the
well at a depth of 33 m in dense rocks and on the
surface at the point of seismic observations RNPP 2

(Fig. 2).

nnnnn

Fig. 1. Example of recording the microseismic
background obtained at the point of seismic
observations RNPP 9

st

Fig. 2. Example of recording the microseismic
background obtained at the point of seismic
observations RNPP 2

The spectrum is the most objective characteristic
of microseismic noise at a station. It is necessary to
analyze a representative recording interval to obtain a
stable estimate of the mean spectrum that
characterizes the conditions for recording seismic
oscillations.  This interval should be greater, the
longer the period of the microseisms under study
[Harjes, 1990, GSE/US/79, 1992] is. Thus, an
objective characteristic of the spectral properties of
noise was obtained, which is a very important
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efficiency indicator of seismic network stations of
RNPP in detecting useful signals.

Fig. 3 and Fig. 4 show the normalized noise
spectra obtained from the records of the broadband
seismometer CMG-SPB at the point of seismic
observations RNPP 9 in the well at a depth of 33 m in
dense rocks and on the surface at the point of seismic
observations RNPP 2 in loose sedimentary rocks. It is
clear that in contrast to surface seismic receivers when
registering in a well at frequencies above 1 Hz there is
a decrease in the density of the spectral power of
noise by more than one order. This result shows that
weak high-frequency signals can be detected only
when registering in wells.

Fig. 3. Normalized noise spectrum obtained by
recording the broadband seismometer CMG-SPB
in the well at the point of seismic observations

RNPP 9
iy
W

X
Fig. 4. Normalized noise spectrum obtained by
recording the broadband seismometer CMG-SPB

on the surface at the point of seismic
observationsRNPP 2

Thus, it is possible to state the low efficiency of
terrestrial geophysical observations in the registration
of high-frequency signals from local seismic events in
comparison with observations in wells. This is due to
the fact that downhole observations are less dependent
on the influence of geophysical noise associated with
the influence of the earth’s surface, namely: seismic,
acoustic, deformation, electrical, magnetic and
gravitational influence. Most of them are sensitive to
variations in groundwater levels and weather
conditions. Measurements in wells reveal subtle
variations in geophysical fields associated with both

local and global geodynamic processes.

At the same time, seismological observations on
the day surface are necessary for the registration of
“surface” noise, primarily man-made. In addition, the
separation of signals from local and global
geodynamic processes requires comparison of data
obtained both in the well and on the surface with the
results of observations of natural and man-made
impacts on the earth’s crust. This allows us to identify
the effects of individual factors and to monitor the
state of the earth’s crust, to more accurately assess the
background level of the microseismic field, and to
quantify the energy parameters of registered seismic
events.

In total, in the period from 2017 to 2021, 36 local
earthquakes were registered by NPP seismic networks
in Ukraine. The epicenters of the vast majority of
them are located within the Ivano-Frankivsk, Ternopil
and Lviv regions. The values of the magnitudes of
seismic events are in the range from 1.9 to 4.3. The
maximum epicentral distances, at which seismic
networks of NPPs record local seismic events, are
about 300 km [Andrushchenko et al., 2020].

During the instrumental observations at the
seismic stations of the NPP, the most powerful
earthquake was registered on September 23, 2021.
Seismic recordings and spectrograms of the event,
obtained using stations of the seismic network of the
NPP, are presented in Fig. 5. The epicenter was
located in the Ternopil region near Chortkiv, at a
depth of 6 km. The intensity of shaking in the
epicenter was 5 points on the MSK-64 scale. The
largest number of reports of concussions came from
the town of Chortkiv and nearby villages. This
earthquake was also felt in the settlements of
Kamyanets-Podilsky and Dunaivtsi at distances from
the epicenter of 65-80 km.

Analyzing the parameters of this earthquake, we
can also conclude that there is no need to change the
source data to assess the seismic resistance of NPP
sites. After all, the estimated intensity of shaking in
the areas of Rivne, Khmelnytsky and Zaporizhzhya
NPPs was 2.7, 2.5 and 0.9 points on the MSK-64
scale, respectively. There are requirements for seismic
design and seismic safety assessment of nuclear
power units [Requirements..., 2016]. They determine
that for NPP units, regardless of the seismicity of the
site, the peak value of the acceleration of the
horizontal component of soil movement during an
earthquake, corresponding to the maximum calculated
earthquake, should be not less than 0.1g. That
corresponds to the intensity of seismic oscillations of
7 points. Based on this, today there is no need to
change the initial data to assess the seismic resistance
of NPP sites.
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Fig. 5. Seismic records and spectrograms of the event on September 23, 2021, obtained using the
stations of the seismic network of Rivne NPP (a, b), Khmelnitsky NPP (c, d) and
Zaporizhzhya NPP (g, f)

The earthquake that occurred on February 19,
2021 is another seismic event that characterizes the
capabilities of stations of the NPP seismological
network. Fig. 6 presents seismic records and
spectrograms of this event, obtained using stations of
the NPP seismological network. The source of the
earthquake was in the Donetsk region, at a depth of
12 km. The intensity of shaking in the epicenter was
1-2 points on the MSK-64 scale. Despite the small
magnitude (M = 3.3) and the depth of the hypocenter,
the earthquake was confidently registered by all
stations of the NPP seismological network.
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Originality

For the first time, the functional capabilities
of seismic monitoring systems of Ukrainian NPPs
were analyzed. A catalog of seismic events
registered by NPP seismic stations was created
according to the results of primary processing of
seismic data in 2017-2021. The system of
interpretation of the obtained results was improved.
That allowed us to detect equally well local,
regional and teleseismic events of different nature
and energy levels.
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Fig. 6. Seismic records and spectrograms of the event on February 19, 2021, obtained using the
stations of the seismic network of Rivne NPP (a, b), Khmelnitsky NPP (c, d) and
Zaporizhzhya NPP (e, f)

Practical significance

The practical significance of the obtained results
lies in their direct focus on solving a number of
practical problems of processing and interpretation of
seismological data. The use of NPP seismic stations
as elements of the general system of seismological
monitoring of Ukraine will improve the quality of
detection and localization of sources and the
probability of correct identification of the nature of
seismic phenomena, which in turn will clarify the
assessment of tectonic structures in Ukraine.

Conclusions

Specialists of the Main Center for Special Control
of the SSA of Ukraine carried out detection and
recognition of seismic signals using seismic
monitoring systems of NPPs, as well as the formation
of appropriate catalogs of seismic events.
Hierarchical multilevel construction of automated
systems of data collection, processing and storage was
adopted during the processing of digital data received
by the MCSC processing center from NPP
seismological networks. This greatly simplifies the
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final result, as full processing is carried out in the
NCD without additional computing resources. At the
same time, NPP seismological networks are complete
self-sufficient data collection and processing systems,
and can act as elements in the system of the National
Data Center of the National Seismic Observation
System of Ukraine. The results of instrumental
observations at the stations of the NPP seismological
network testify to their high efficiency in the
registration of seismic events of different nature and
energy level on the territory of Ukraine. NPP seismic
stations confidently register local earthquakes, the
epicenters of which are located on both the right-bank
and left-bank parts of Ukraine. Thus, the considered
seismic stations can be used not only to clarify the
quantitative parameters of seismological influences on
the industrial sites of nuclear power plants, but also to
be full-fledged components of the seismological
monitoring system of Ukraine.
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JIOKAJIbHI CEMCMOJIOI'TYHI MEPEXXI ATOMHUX EJIEKTPOCTAHIIIA YKPATHU
SIK CKJIAJIOBI YACTUHM HALIIOHAJIBHOI CUCTEMH CEMCMOJIOITYHOI'O MOHITOPUHI'Y

Merta poOOTH — BH3HAUUTH MOXKJIMBICTh BHKOPHUCTAHHS JIOKAJbHHUX CEHCMOJIOTIYHMX MEpPEX AaTOMHHX
@JIEKTPOCTAHIII SK eJEMEHTIB CHCTEMH CEHCMOJOTiYHOIO MOHITOpPHHTY Tepuropii YkpaiHu. OuiHIOBaHHS
MICIIEBOI CEHCMIYHOCTI Ta YTOYHEHHS KUIBKICHHX NapaMeTpiB CEHCMONOTIYHMX BIUIMBIB 3/1MCHEHO Ha OCHOBI
MarepialiB CeHCMOJIOTIUYHUX cIocTepexkeHb. OmnepaTMBHE OINpAIIOBAHHS Ta aHai3 CEWCMIYHMX CHUTHAIB,
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3apeecTpOBaHUX Ha eJIeMEeHTaxX JIOKambHHUX ceiicmonorivanx Mepexx AEC, 3nailicHioe ['onoBHHI meHTp
CIIeIiansHOTO0 KOHTpoNio JlepkaBHoro kocmiunoro arentctBa Ykpainm (ILICK JOKA Vkpaiau). VYV xomi
BuKkoHaHHA “IlmaHy 3axoliB 3 OWIHKK CeHCMIYHOI HeOe3MIeKku 1 mepeBipku cericMocTiiikocti mitounx AEC” Ha
AEC VYkpaian posropHyto Mepexi ceiicmonorigunoro Mositopunry. Ceorogni mo I'LICK y GesnepepBHOMY
peXUMi HaIXOAATh HaHi i3 JIOKaJhbHHUX CEUCMOJIOTIYHUX Mepexk PiBHeHCHKOi, XMENPHUIBKOI Ta 3amopi3pKoi
AEC. T'eodiznuny inpopmamiro, sika Haaxoauts 3 AEC go I'ICK, ompampoBye omepaTvBHA 4eprora 3MiHa
IEHTPY 3a JOMOMOror TexHigyHuX Ta mporpamuux 3aco6iB I'TICK, mo 3abe3mneuye oTpuMaHHS JAOCTOBIPHHUX
JAHUX TIPO TAapaMeTpH, 3apeeCTPOBaHI CTAHIIAMH CEHCMIYHHX JDKEpelN, IX JIOKai3allifo Ta EHepreTHYHI
xapakrepuctuku. 3aramoM, y 2017-2021 pp. crannii celicmosoriunnx wMmepexx AEC 3apeectpyBamu 36
JIOKaJbHUX 3eMJICTPYyCiB Ha Tepuropii YKpainu. EmineHTpu nm epeBakHOi OLTBIIOCTI 3 HUX MICTATHCS Y Mekax
IBano-®pankiBcbkoi, TepHominbebkoi Ta JIbBiBCbKOi oOmacteil. J[ocBim MpoOBeAEHHS IHCTPYMEHTAIBHHX
crocTepekeHb Ha celicMmiuHuxX cTaHUigsx AEC cBiquuTe mpo iX BHCOKY e(eKTHBHICTb Ta MOJKIHBICTh
BUKOPDHCTAaHHS SIK TIOBHOLIIHHHUX €JIEMEHTIB CHCTEMH CEHCMOJIOTIYHOTO MOHITOPHHTY TepHuTopii YKpaiHu.
Briepiie npoanaiizoBaHO (QyHKIIOHANBHI MOIJIMBOCTI cHcTeM ceiicMiuHoro Mositopunry AEC Vkpainu. 3a
pe3yabpTaTaMy MEPBUHHOI 00poOKku ceficmiunux manux 2017-2021 pp. cTBOPEHO KaTajor CEHCMIYHHX MO,
3apeecTpoBaHux cedicmiunuMu  cTaHnisMu  AEC. VYipockoHaleHO cHcTeMy iHTepopeTamii OTpHUMaHUX
pE3yNbTaTIB, M0 JAJI0 3MOTY OJTHAKOBO J00pe BU3HAYATH JIOKAJbHI, perioHabHI Ta TelleceHcMiuHI Toii pi3HOL
NPUPOIM Ta €HEPreTUYHOro piBHA. [IpakTHyHE 3HAYCHHS OJIEp)KAaHUX PE3YJIBTATIB MOJIsrae B ix Oe3nocepenHii
CIPSIMOBAHOCTI HA PO3B’sA3aHHS HU3KU MPAKTUYHUX 3a/7a4 OOpOOKH Ta iHTepHpeTamii CeHCMONOTIYHUX JaHUX.
Buxopucranns ceiicmiuaux crannii AEC sk eneMeHTiB 3aranbHOI CHCTEMH CEHCMOJIOTiYHOTO MOHITOPHHTY
YkpaiHu [acTh 3MOTY MiABUIIUTH HaAiWHICTh BUSBJICHHS Ta JIOKai3allii JHKepesl Ta iMOBIPHICTH NMPaBHIIBHOI
iZeHTU(IKAIIT TPUPOIY CEHCMIYHUX SIBHII, 110, CBOEI0 YEPror0, MOKPAIIMTH OI[IHKY aKTHMBHOCTI TEKTOHIYHHX
CTPYKTYp YKpaiHu.

Knouosi cnosa: aToMHa €NEKTPOCTaHINiSA; CEHCMIYHA TMOJis; CCHCMOIOTIYHUI MOHITOPHUHT; CeiicMOmpuiiMay;
MiKpoceiicMH; emineHTp.
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